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PHAN MO PAU

1. DAT VAN PE

Benh than man (BTM) la mét trong nhiing thach thic Y té 1on trén toan
cau, véi ty 1é mic gia ting nhanh trong nhimg nam gén day. Réi loan
khoang xwong do BTM (CKD-MBD) la blen chiing pho bién, lam ting
nguy co tir vong va glam chat luong cudc song cua nguorl bénh, biéu hién
qua cac bat thuong ve canxi, phospho, hormone tuyén can gidp, vitamin
D, chu chuyén va khoang ho4 xuong, cung tinh trang canxi hod mach mau.

Sclerostin 1a mot glycoprotein do t€ bao xuong tiét ra, c6 vai tro trc ché
con duong truyén tin hiéu Wnt/B-catenin, co che then chét trong qua trinh
biét hoa va hoat dong cua té bao tao xuong. Nong do sclerostin tang cao
dugc ghi nhén ¢6 lién quan dén murc 46 suy glam chuc nang than, 101 loan
khoang xuong, thay ddi mat do xwong va voi hod mach mau ¢ bénh nhan
BTM. Trong khi do, viéc diéu tri loang xuong ¢ nhom bénh nhan nay con
nhiéu han ché do chdng chi dinh cta cac thudc chdng huy xwong (nhu
bisphosphonate) trén ngudi suy giam chic nang than. Céc khang the
khang sclerostin (nhu romosozumab) duoc xem 1a hudng diéu trj tiém
nang, nhung dir li€u v€ hiu qua va an toan trén bénh nhan BTM, dac biét
¢ giai doan nang va loc mau, van con han ché. Mic du véy, cac nghlen ciiu
hién c6 chu yéu khéao sat sclerostin trén tung nhém bénh nhan rleng 1é
(chua loc mau, loc méau chu ky hodc loc mang bung), ma chua co nghlen
clru nao so sanh dong thoi nong do sclerostin trén nhleu nhoém trong cung
mot quan thé. Tai Viét Nam va khu vire Déng Nam A van de nay van con
1a mot khoang trng nghién ctru chua dugc giai quyét. Xuét phat tur thyre
tién do, chung t6i tién hanh nghlen ctru dé tai: "Nghlen clru nong dd
sclerostin huyet thanh va moi lién quan véi mét so roi loan khoang
xwong, mat d xuong ¢ bénh nhéan bénh thin man" véi muc tiéu:

1. Xac dznh nong do sclerostin huyet thanh ¢ bénh nhdn bénh
than man giai doan 3-5 chwa loc mdu, bénh than man giai doan 5 loc
mau chu ky va loc mang bung, so voi nhom chiing co chirc nang than
binh thuong.

2. Khao sat méi lién quan gitka nong do sclerostin huyét thanh
véi mét s6 dic diém ciia bénh thdn man, cdc roi loan khodng xwong
va mgt do xwong ¢ bénh nhdn bénh than man.

2. PONG GOP CUA LUAN AN
Y nghia khoa hoc:

Nghién ctru cung cap nhiing dir liéu dAu tién tai Viét Nam vé nong
do sclerostin huyet thanh & bénh nhan BTM giai doan 3-5 chua loc mau,
loc mau chu ky va loc mang bung, bd sung cho co s¢ dit liéu trong nude
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vé dau an sinh hoc tiém nang nay trong CKD-MBD. Phan tich mdi lién
quan gilra sclerostin véi cac dic diém cua BTM, chi s6 khoang xwong
va mat do xuong gop phan 1am 13 co ché bénh sinh cua CKD-MBD,
ddng thoi 1a dir liéu nén cho cic nghién ctru tiép theo vé gia tri cta
sclerostin & nhém bénh nhén nay.

Y nghia thye tién:

Thir nhit, nghién ctru cung cp dir liéu mo ta ban déu vé ndng
d0 sclerostin huyét thanh & cac nhom bénh nhan BTM tai Viét Nam,
g0i ¥ vai tro ctia sclerostin nhu mét chi diém sinh hoc trong danh gia
CKD-MBD va 1am co s& cho cac nghién ctru sdu hon vé gia tri theo
ddi bénh cua chi diém nay.

Thir hai, mdi lién quan giita néng d6 sclerostin v6i cac chi sb khoang
xuong va mat do xuong cd thé giup nhan di¢n nhimg dac diém 1am
sang can luu y 6 bénh nhan c6 nguy co rdi loan xwong nang hon. Viéc
xac dinh cac yéu t6 lién quan dén sclerostin theo tirng nhom c6 thé gop
phan dinh huéng chlen lugc theo doi CKD-MBD phu hop véi tung
giai doan bénh, tuy van can cac nghién ctru tién ctru va can thiép dé
xac nhén gia tri 1dm sang cua sclerostin trong quan ly CKD-MBD.
3. BO CUC CUA LUAN AN

Luan 4n gdm 142 trang: it van dé 3 trang, tong quan tai liéu
27 trang, dbi tuong va phuwong phap nghién ciru 27 trang, két qua
nghién ciru 32 trang, ban luan 50 trang, két luan 2 trang, kién nghi 1
trang. Ludn 4n c6 27 bang, 6 hinh, 1 so d0, 10 biéu d6, 141 tai liéu
tham khao, trong d6 c6 10 tai liu tiéng Viét va 131 tai liéu tiéng Anbh.

) Chuong 1
TONG QUAN TAI LIEU

1.1. ROI LOAN KHOANG XUONG TRONG BENH THAN MAN

Nam 2005, KDIGO dua ra thuat ngti CKD-MBD, m¢ rong hon
khai niém "loan dudng xwong do than" trudc day, bao gdom ba nhom
biéu hién: bat thudng canxi/phospho/PTH/vitamin D; bét thudong chu
chuyén, khoang hoa va thé tich xuwong; va voi héa mach mau/mé mém.

Vé co ché bénh sinh, truc FGF-23-Klotho dong vai tro trung tim:
suy giam chirc nang than lam tang phospho mau, kich thich FGF-23
tang dé thuc day bai tiét phospho niéu va trc ché tong hop calcitriol;
& giai doan tién trién, Klotho suy giam gay khang FGF-23, tao vong
xo4n bénh 1y tu khuéch dai. Thiéu hut calcitriol xuit hién rat som,
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trude ca roi loan canxi-phospho, do giam hoat tinh CYP27B1, FGF-
23 ting som va tich Iy doc t6 uré. Cuong can gidp thi phat 1a hé
qua hoi ty cua ba tin hi€u: ting phospho mau, giam calcitriol va ha
canxi mau.
1.2. SCLEROSTIN HUYET THANH VA MOI LIEN QUAN VOI
ROI LOAN KHOANG XUONG, MAT PQ XUONG DO BENH
THAN MAN
1.2.1. Pai cwong vé sclerostin va vai tro ciia sclerostin véi hé xwong
1.2.1.1. Pai cwong vé sclerostin

Hai bénh di truyén lan hiém gip - xo cing xwong va bénh van
Buchem - dugc mo ta tir nhimg nim 1950 voi ddc trung phat trién
xuong qua mac. Nam 2001, Brunkow va cong sy xac dinh gen SOST
1 nguyén nhan ciia xo cting xwong, mé hoa sclerostin - protein do té
bao xuong truong thanh tiét ra. Bénh van Buchem lién quan dén mét
mot doan ving didu hoa ciia gen 1am giam tong hop sclerostin, trong
khi xo ciing xuong (benh canh nang hon, kém dinh ngdn) lién ‘quan
dot bién vo nghia truc tiép trén gen SOST; ca hai cung lién két voi
locus 17q12-g21. Sclerostin la glycoprotem gdm 213 axit amin, mang
nhiéu dién tich duong gitp gan két vi mién B-propeller cia cac dong
thu thé Wnt 1a LRP5/LRP6.
1.2.1.2. Vai tré ciia sclerostin trong chuyén hod xwong

Sclerostin, tiét ra tir té bao xwong trudng thanh, cing Dkk-1 trc
ché con duong tin hiéu Wnt/p-catenin bang cach gin vao LRP5/6,
ngén can hoat hda cac gen dich va lam giam tich lily f-catenin trong
nhan té bao tao xuong - co ché trung tim ciia qua trinh tao xuwong
sinh 1y. Sclerostin c6 tac dong kép: {rc ché truc tiép tao xuong qua
phong toéa Wnt/B-catenin, dong thoi gian tiép thic ddy hiy xuong
thong qua giam biéu hién OPG, lam ting ty 16 RANKL/OPG va hoat
hoa té bao hiy xuong. Do do, sclerostin 1a yéu t6 diéu hoa trc ché
trung tdm cua tai tao xuong, va rdi loan biéu hién cta no lién quan
dén ca tinh trang tao xuong qua mirc (xo cirng xuong, van Buchem)
13n mét xwong (lodng xuong).
1.2.2. Sclerostin va réi loan khodng xwong, mdt dé xwong & bénh
thdn man

Ngoai vai tro trung tdm cua PTH trong loan dudng xuong do thén,
sclerostin dugc xem la mot yéu td bénh sinh quan trong cia CKD-
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MBD. Trén mé hinh chuét, ting biéu hién sclerostin va trc ché Wnt/p-
catenin xuit hién rit sém, trudc ca thay ddi PTH, FGF-23 va ton
thuong xwong-tim mach; s t& bao xwong duong tinh sclerostin ting
thoang qua r0i giam khi cuong can gidp nang hon, cho thiy sclerostin
chiu diéu hoa nguoc boi PTH. Khi chirc nang than suy giam, nong do
sclerostin ting do giam thai trir va ting san xuat tir Xuong, gop phén lam

nang thém tinh trang gidm tao xuong, ting FGF-23, 1di loan vitamin D
va mét can bang khoang. Sclerostin con chiu diéu hoa boi viém man tinh
(TNF-0, IL-6, NF-kB, NLRP3) va doc t uré huyét, dong vai trd cau ndi
giita ri loan khoang chat va viém man trong BTM.
1.2.3. Vai tro ciia khdng thé khdng sclerostin trong diéu tri loang
xwong ¢ bénh nhdn bénh thin man

Romosozumab 1a khang thé don dong trung hoa sclerostin, ¢6 co
ché kép vira thuc ddy tao xuong vira rc ché hily xuwong (PINP ting
thoang qua, CTX giam bén viing). Cac nghién ctru cho thiy hiéu qua
tang MPX 10 rét so vdi gid dugc, alendronate, teriparatide, ké ca &
bénh nhan loc méau chu ky va BTM nhe-trung binh (ARCH, FRAME)),
v6i d6 an toan nhin chung chip nhan dugc; trén bénh nhan BTM noi
chung, thudc khang sclerostin cho hiéu qua giam giy xuong cao nhat
so v6i cac nhom thude khac. Tuy nhién, mot sé phén tich canh bao
nguy co tim mach & nhom cé sin yéu t6 nguy co (BTM, dai thao
duong, tién sir tim mach), va viéc st dung & BTM giai doan >3B can
than trong do vai trd chua 15 trong bénh xuong bt san ciing nhu kha
nang thiic day voi hoa mach méu. Hué’ng nghién ctru méi nhu aptamer
nham ving loop3 cua sclerostin budc dau cho hiéu quéa twong duong
ma chua ghi nhan bt loi tim mach trén mo hinh dong vat, mé ra tiém
ning diéu tri an toan hon, song can xac nhan thém qua thir nghiém lam
sang O nguoi.
1.3. TINH HINH NGHIEN CU'U LIEN QUAN PEN CHU PE
1.3.1. Cdc nghién ciru nwdc ngodi

Nhoém BTM chua diéu trj thay thé than: nghién ctru ciia Pelletier
(2013) va Kanbay (2014) thong nhét cho thay ndng dé sclerostin huyét
thanh ting cao hon ngudi khoe manh va ting dan theo muc do suy
giam chirc ndng than.

Nhoém loc méu chu ky (LMCK) - quan thé duoc nghién ctru nhiéu
nhét: vé sinh héa, sclerostin twong quan nghich voi chu chuyén xuong
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va PTH, nhung twong quan thuin véi tudi, BMI, FGF-23 (de Maré
2019, Delanaye 2014), dong thoi biéu hién sclerostin tai xwong ciing
tang song hanh véi FGF-23 theo murc d6 suy than (Lima, 2023). Gia
tri tién luong tr vong con mau thuin: Nakagawa (2022, theo doi 8
nam, n=654) ghi nhan sclerostin khong lién quan dén tir vong, trong
khi Gongalves (2014, theo d&i 10 nam, n=91) xac dinh sclerostin cao
1a yéu té dy béo doc 1ap cua tir vong do moi nguyén nhan.

Nhom loc mang bung (LMB): khac véi LMCK, sclerostin ¢ day
tuong quan thuan voi mat do xwong (Kuo, 2019 - nghién ctru dau tién
chimg minh mbi lién quan nay), dong thoi c6 gia tri du bao bién cb va
tir vong tim mach (Gong, 2018), duoc cing cd bang bang chimg mo
hoc cho théy ting biéu hién sclerostin tai xwong (de Oliveira, 2015).

Nhu vay, mbi lién quan giita sclerostin va cac thong s6 CKD-MBD
¢6 su khac biét giita cac nhom diéu tri thay thé than, va khoang trong
nghién ctru hién nay 1a thiéu cac nghién ctru trén nhiéu nhom BTM
trén mot quan thé.

1.3.2. Cac nghién ciru tai Viét Nam

Tai Viét Nam chwa co6 nghién ciru nao cong bd vé nong do
sclerostin huyét thanh trén bénh nhan BTM, nhung da c6 mot s6 cong
trinh lién quan dén rdi loan chuyén hoa khoang xuong va cic
biomarker xuong khac. Nguyén Hoang Thanh Van (2015) ghi nhan
beta-crosslaps va PTH tang cao ¢ bénh nhén suy than giai doan cudi
s0 v6i nhom ching. Nguyen Hiru Vi Quang (2020) cho thdy FGF-23
tang dan theo mirc d6 tién trién BTM, cao nhat 60 nhom loc mau chu
ky. Nguyén Minh Quan (2026) nghién ctru ndng do klotho, cho thay
klotho giam dén theo tién trién BTM va lién quan dén PTH, thoi gian
loc mau, Hb va mat d6 xuong & mot $6 vi tri.

) Chuong 2
POI TUQNG - PHUONG PHAP NGHIEN CUU

2.1. POI TUQNG NGHIEN CUU
2.1.1. Thoi gian va dia diém nghién citu

Nghién ctru dugc thuc hién tir thang 05/2023 dén thang 12/2025 tai
Khoa Noi Than - Co xuong khép, Khoa Than Nhan Tao, Bénh vién
Trung Uong Hué va Phong kham N¢i, Bénh vién Truong Pai hoc Y



Duoc Hué, trén 173 bénh nhan bénh thin man (BTM) cac giai doan
va 60 nguodi khoe manh [am nhém ching.
2.1.2. Nhom bénh

GoOm 173 bénh nhan BTM, chia thanh 4 nhém theo giai doan va
phuong thire diéu tri: 32 bénh nhan giai doan G3-4, 52 bénh nhan giai
doan G5 chua lgc méu (G5ND), 51 bénh nhan G5 loc méu chu ky
(G5HD) va 38 bénh nhan G5 loc mang bung (G5PD).

Tiéu chuén lua chon: du tiéu chuén chan doan BTM theo KDIGO
2012; nhom chua loc mau chua c6 chi dinh diéu tri thay thé than; nhom
loc mau (HD/PD) d4 diéu tri 6n dinh > 3 thang; tudi > 18; dong ¥ tham
gia nghién cuu.

Tiéu chuén loai trir: ton thuong than cip hodc dot cdp BTM; nhiém
tring cap/viém nang/khong on dinh huyét dong; tién sir ghép than;
dang sir dung thudc anh huéng chuyén hoa xuong (corticosteroid kéo
dai, thudc trc ché mién dich, thudc diéu tri lodng xuong, vitamin D liu
cao); bénh ac tinh; viém gan man/xo gan; chéng chi dinh do mat do
xuong; 16i loan tAm than/nhén thic; phu nit c6 thai hodc cho con b.
2.1.3. Nhom chirng

Gom 60 ngudi truong thanh > 18 tudi, kham sirc khoe dinh ky tai
Phong kham Ni, Bénh vién Trudng Pai hoc Y Dugc Hué, tuong dong
vé tudi va giéi voi nhom bénh; chirc nang than binh thuong (eGFR >
90 mL/phut/1,73m?); khong co tién sir bénh thadn man, bénh xuong
chuyén hoa, bénh noi tiét anh huéng chuyén hoa xwong; khong sir
dung thudc anh huong khoang-xuong trong 3 thang gan day; khong
hut thuéc/nghién ruou; khong c6 bénh viém man tinh, ac tinh hodac tu
mién dang hoat dong; dong ¥ tham gia nghién ctru.
2.2. NQI DUNG VA PHUONG PHAP NGHIEN CUU
2.2.1. Thiét ké nghién ciru

Nghién ctru cit ngang c6 phén tich.
2.2.2. Tinh ¢é méu

C& mau dugce tinh theo cong thirc so sanh hai nhom déc 1ap (kiém
dinh Mann-Whitney), dua trén kich thudc hiéu Gng tir cac nghién ctru
trudc (Cohen's d = 0,90, tuong tng P = 0,73), véi a= 0,05 va p = 0,20,
cho két qua ¢& mau tdi thiéu 25 d6i twong/nhém; tat ca cic nhom
nghién ctru déu dat ¢& mau nay. Nghién ciru 4p dung thiét ké phan bd
khong can bang, v6i nhom chimg (n=60) 16n hon timg nhém bénh
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nham ting d6 chinh x4c tham chiéu ddi chimg. Phuong phép chon mau
khong xéc sut, c¢6 chi dich; truong hop thiéu dir liéu xét nghiém duoc
loai theo phurong phap listwise deletion (ty 1¢ thiéu dudi 10%).

2.2.3. Phwong ti¢n nghién cuu

May phan tich huyét hoc ABBOTT CELL-DYN RUBY; hé thong
sinh hoa Cobas 8000 va AUS5800 (Roche, Beckman Coulter); dinh
luong sclerostin bang k¥ thuat ELISA trén may do mat do quang
TECAN SUNRISE (Thuyy Si), phan mém Magellan V.75; do mat do
xuong bang may DXA EXCELLUS (OSTEOSYS, Han Qudc); cing
céc phuong tién do nhén tric va huyét ap chuan hoa.

2.2.4. Cic buéc tién hanh nghién ciru

Cic bién s6 1am sang: Chiéu cao, can ning, BMI, huyét ap, thoi
gian phat hién BTM va thoi gian loc méu.

Cic bién s6 can 1am sang: Cong thirc mau, uré, creatinin, eGFR
(cong thirc CKD-EPI 2009), albumin; cac chi s6 khoang xuong gém
canxi toan phan hiéu chinh theo albumin, phospho, tich so CaxP, PTH,
25(OH)D, t-ALP, d4nh gia rdi loan theo tiéu chuan KDOQI 2003 theo
timg giai doan BTM; bién s6 téng hop "s6 luong réi loan khoang xuwong
dong thoi" (0-4) tinh tir 4 thong sd canxi, phospho, PTH, 25(OH)D.

Po miat dd xwong: Bang phuong phap DXA tai cot song thit lung
(L1-L4) va xuong dui (c6 xwong dui, toan bd xuong dui); chan doan
lodng xwong theo tiéu chuan WHO 1994 dya trén T-score (binh
thudng > -1; thiéu xuwong -2,5 dén -1; lodng xuong < -2,5; loing xwong
ning: < -2,5 kém tién sir gy xuong) cho phu nit sau man kinh va nam
gidi trén 50 tudi; Z-score dugc dung cho cac nhom tudi con lai.

Pinh lwgng sclerostin huyét thanh: Bang k¥ thuat ELISA, bo kit
thuong mai Abbexa (Anh Quéc); mau huyét thanh bao quan & -80°C,
chi rd dong mot lan; do do hép phu OD & budc séng 450nm, nong do
sclerostin noi suy tir duong chuén.

2.2.5. Phwong phdp xi¢ ly sé liéu

S6 lidu duge phan tich bang SPSS Statistics 27.0. Bién dinh tinh trinh
bay dudi dang tan s6 va ty 18 %, kiém dinh bang y* hoic Fisher Exact
test. Bién dinh luong dwoc danh gia phan phdi chuan bang Shapiro-Wilk;
néu phan phéi chuan trinh bay dudi dang trung binh + do léch chuén va
so sanh bang t-test (2 nhém) hoic ANOVA (>3 nhom); néu khong chuén
trinh bay duéi dang trung vi (khoang t&r phan vi) va so sanh bang Mann-
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Whitney (2 nhém) hodc Kruskal-Wallis (>3 nhom). Tuong quan st dung
hé s6 Pearson (phan phéi chuan) hodc Spearman (khong chuan).

Hoi quy tuyén tinh don bién va da bién dugc dung dé xac dinh cac
yéu t6 lién quan dén nong do sclerostin, véi md hinh da bién gom 4
bién co ban (tudi, gidi, sé lugng réi loan khoang xuong dong thoi, t-
ALP) cho nhom G3-4, G5ND va BTM chung, b6 sung bién thoi gian
loc mau cho hai nhém loc méu (GSHD, G5PD). Mat d¢ xuong khong
dua vao mo hinh da bién ndy do can nhic tinh hop 1y sinh hoc
(sclerostin dwoc xem 1a yéu té diéu hoa, khong phai hdu qua cua
MBX); mdi lién quan sclerostin-MBPX dugc phan tich riéng bang hoi
quy don bién. Pa cong tuyén dugc kiém tra bang hé s6 VIF (loai bién
¢6 VIF > 5); mot sé bién phan phdi 1éch (sclerostin, tiéu cau, PTH,
25(OH)D) dugc bién ddi logarith trudc khi dua vao mé hinh. Hoi quy
logistic nhi phan duoc ding khao sat mdi lién quan giita sclerostin va
tinh trang loang xuong (theo WHO 1994), trinh bay dudi dang OR va
KTC 95%. Ngudng c6 y nghia thong ké 1a p < 0,05.

2.3. PAO PUC TRONG NGHIEN CUU

Nghién ctru dugc su déng y cua bénh vién, ban chi nhiém khoa, va
duoc Hoi déng dao duc y sinh hoc Truong Pai hoc Y Dugc - Dai hoc
Hué chép thuan (s6 H2023/045). Chi phi xét nghiém sclerostin va cic
chi phi phat sinh do nghién ctru vién chi tra nhim dam bao quyén loi
tdt nhat cho bénh nhan.

Chuong 3
KET QUA

3.1. Pic diém chung cia di twong nghién ctru

- Tudi: Trung vi tudi ctia nhom chimg 1a 48 00 (39 00-59,00); nhom
BTM chung 14 53,00 (37,00-64,00); khac biét vé tudi khong c6 y nghia
thong ké giita nhom chimg véi nhém BTM chung va véi mdi nhom
BTM (p > 0,05).

- Gi6i tinh: nhém chimg c6 ty 1& nam/nit 1a 25/35, tuong dong véi
nhom BTM c6 ty 1€ nam/nir 1a 96/77 (p > 0,05).

- BMI: nhém chimg c6 BMI trung binh 24,58 + 2,48 kg/m?, cao hon
¢6 y nghia thong ké so véi nhom BTM (20,91 + 3,34 kg/m?; p < 0,001).



- Thoi gian phat hién BTM la 24 (7,00-60,00) thang; nhom G3-4
c6 thoi gian phat hién ngan nhat va nhom G5HD c6 thoi gian phat hién
dai nhét.

- Thoi gian loc mdu ctia nhém G5HD 14 48,00 (18,00-72,00) thang,
dai hon nhéom G5PD (36,00 (24,00-66,00) thang), khac biét khong co
y nghia théng ké (p > 0,05).

- Huyét ap: HATT va HATr & nhém BTM chung cao hon nhém
chimng c6 y nghia thong ké (p < 0,001).

- Hemoglobin: trung binh 9,20 = 1,92 g/dL. & nhom BTM chung,
giam theo giai doan bénh (G3-4 cao hon G5ND); Hb ¢ nhom G5PD
cao hon nhém G5HD c6 ¥ nghia thong ké (p < 0,05).

-S6 luong tiéu cau: trung vi toan bd nhém nghién ciru 1a 237,00
(180,00-302,00) G/L; nhém G3-4 cao nhét (300,00 (219,50-353,00)
G/L), nhém G5HD thap nhét (214,00 (170,00-278,00) G/L).

- Albumin mau: trung vi 35,30 (31,00-38,80) g/L; albumin nhom
G3-4 thip hon nhom G5ND, va nhém G5PD thap hon nhom G5HD
¢6 ¥ nghia thdng ké (p < 0,05).

- Uré, creatinin, muc loc cAu than: khac biét co y nghia théng ké
gitra nhom chimg va mdi nhém BTM (p < 0,05).

3.2. Cac dic diém khoing xwong, mit dd xwong ciia ddi twong
nghién ciru

- Canxi hi€u chinh (CaHC): trung binh 2,20 £ 0,23 mmol/L trén
bénh nhan BTM; CaHC nhém G3-4 cao hon nhém G5ND va nhém
G5HD cao hon nhém G5PD ¢6 ¥ nghia thong ké (p < 0,05).

- Phospho mau: trung binh 1,83 £ 0,57 mmol/L; phospho nhom
G3-4 thap hon nhém G5ND va nhém GSHD cao hon nhém G5PD ¢
¥ nghia théng ké (p < 0,05).

- Tich s6 canxi x phospho (CaxP): 3,83 (3,01-4,81) mmol?/L? &
nhom BTM chung; khac biét gitta G3-4 v6i G5SND, va gitta GSHD véi
G5PD déu 6 y nghia théng ké (p < 0,05).

- PTH mau: trung vi toan bd nhém BTM 1a 257,30 (89,98-530,10)
pg/mL. Nhom G3-4 1a 61,58 (44,65-80,11) pg/mL, thdp hon co ¥
nghia thong ké so véi nhém G5ND (238,90 (143,15-377,40) pg/mL;
p <0,001). O nhém G5HD va G5PD, trung vi PTH lan luot 1a 364,50
(171,90-947,50) pg/mL va 751,90 (303,00-1428,00) pg/mL, khac biét
c¢6 ¥ nghia thong ké giita hai nhom loc mau (p < 0,05).
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- 25-hydroxyvitamin D [25(OH)D]: trung vi toan bg nhém la 22,87
(14,3-32,23) ng/mL. Khong c6 su khac biét c6 y nghia thong ké giita
nhém G3-4 va G5ND (p > 0,05); nhém G5HD c6 nong do cao hon
nhom G5PD c6 y nghia théng ké (p < 0,001).

- Phosphatase kiém toan phan (t-ALP): trung vi 69,60 (51,80-
106,40) U/L & nhém BTM chung. Khong khac biét ¢ ¥ nghia thong
ké gitta cac nhom chua loc mau (p > 0,05); 6 nhom loc mau, t-ALP
nhém G5HD cao hon nhém G5PD c¢6 ¥ nghia thdng ké (p < 0,05).

- S6 lugng r6i loan khoang xuong dong thoi: réi loan khoang xuong
(RLKX) 14 bién chimg phé bién & bénh nhan BTM, véi 68,78% truong
hop c6 tir 2-3 RLKX dong thoi.

- Mat d6 xuong, T-score, Z-score va tinh trang lodng xuong/thiéu
xuong: MPX cao nhét tai cot song thét lung (CSTL), thip nhat tai b
xuong dui (CXP) ¢ bénh nhan BTM. Ty 1é loing xuong va thiéu
xuong chiém hon 2/3 bénh nhan BTM chung, cao nhit & nhom G5PD
(~90%).

3.3. Nong dd sclerostin huyét thanh trén ddi twong nghién ciru

- Trung vi ndng d sclerostin huyét thanh cia nhém BTM chung 14
870,37 (399,61-1524,80) pg/mL, cao hon nhom ching c6 vy nghia
thong ké (p < 0,05); nong do sclerostin ¢ timg nhém G3-4, G5ND,
G5HD, G5PD déu cao hon nhom chimg ¢ y nghia thong ké (p < 0,05).

- O nhém chua loc mau, trung vi sclerostin nhém G5ND (1316,45
(867,98-1982,90) pg/mL) cao hon nhom G3-4 (940,65 (371,49-
1588,00) pg/mL) c6 ¥ nghia thong ké (p <0,05).

- O nhém loc mau, khac biét vé nong d¢ sclerostin giita nhom
G5HD (584,21 (301,18-1479,50) pg/mL) va nhom G5PD (684,21
(407,48-940,35) pg/mL) khong c6 ¥ nghia thong ké (p > 0,05).

- Nong d6 sclerostin huyét thanh & nhom BTM giai doan 5 chua
loc mau (G5ND) cao hon ¢ 2 nhém bénh nhan da loc mau (G5HD va
GS5PD) ¢6 ¥ nghia théng ké (p < 0,05).

3.4. Midi lién quan giira nong d sclerostin huyét thanh véi réi loan
khoang xwong va v6i mét dy xwong & d6i twgng nghién ciru
Tuoi

Nong d6 sclerostin ¢6 xu huéng ting din theo nhém tudi & nhom
BTM chung va nhém G3-4 ¢ ¥ nghia thong ké (p < 0,05). Tudi va
sclerostin c¢6 trong quan thuan trén tit ca cac nhém BTM, ¢ ¥ nghia
thdng ké & nhém BTM chung, G3-4 va GSHD (p < 0,05); tudi 1a yéu td
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tac dong thuan co y nghia thong ké 1én sclerostin & nhém BTM chung,
G3-4 (don bién va da bién) va nhém G5HD (da bién) (p < 0,05).
Gidi tinh

Nong d6 sclerostin & nam gidi cao hon nit gigi & hau hét cac nhom
nghién ctru, tuy nhién khéc biét chi c¢6 y nghia thong ké & nhom chimng
(p <0,05).
BMI

Chua ghi nhan mbi lién quan c6 y nghia giira BMI va sclerostin
trén cac nhom BTM khi phan tich twong quan ciing nhu héi quy don
bién va da bién (p > 0,05).
Thoi gian phat hién bénh thdn man va thoi gian loc mdu

Thoi gian phat hién BTM va thoi gian loc mau déu c6 twong quan
nghich c6 ¥ nghia thong ké voi sclerostin & nhom G5HD (p <0 05);
thoi gian loc mau 1a yéu t6 lién quan nghich ddc 1ap c6 y nghia thong
ké véi sclerostin trong hodi quy da bién & nhom nay (p < 0,05).
Huyét dp

Khong co su khac biét co ¥ nghia thong ké vé nong do sclerostin
giita nhom c6 va khong co ting huyét 4p & bénh nhan BTM (p > 0,05).
Hemoglobin

Khoéng ghl nhan mdi twong quan cé y nghla thong ké giira Hb va
sclerostin; hdi quy tuyén tinh ciing cho thiy Hb khong phai 1a yéu t6
lién quan ddc 1ap voi sclerostin.
Tiéu cdu

S6 lwong tiéu cau co twong quan thudn cé ¥ nghia thong ké voi
sclerostin & nhom G5PD (r = 0,420; p = 0,009); hdi quy don bién xéac
nhan tiéu cau 1a yéu td lién quan c6 y nghia véi sclerostin & nhém nay
(B=10,396; p=10,014).
Albumin mau

Albumin va sclerostin khong c6 twong quan hoic mdi lién quan hoi
quy tuyén tinh c6 ¥ nghia thong ké & cac giai doan BTM (p > 0,05).
Uré, creatinin va mire loc cau thin

MJdi lién quan giira cac chi s6 chiic nang than va sclerostin 1a phirc
tap, khong dong nhit giita cac giai doan BTM, phan anh sy thay doi
co ché sinh 1y bénh va didu hoa sclerostin theo mirc d6 suy giam chirc
nang than.
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Canxi hiéu chinh

C6 su khéac biét ¢ ¥ nghia thong ké vé sclerostin theo tinh trang CaHC
& nhém BTM chung va nhom G5ND, véi xu hudng sclerostin giam dan
tir nhom giam canxi mau, canxi binh thudng dén ting canxi mau (p <
0,05). Tuong quan nghich c6 y nghia gitta CaHC va sclerostin ¢ toan bd
nhom BTM (r = -0,208; p = 0,006), khong duy tri khi phan tich theo phan
nhém; hdi quy don bién xac nhan CaHC 1a yéu t6 lién quan nghich ¢6 ¥
nghia véi sclerostin @ nhoém BTM chung (B = -0,220; p = 0,004).
Phospho

O nhém BTM chung, sclerostin cao nhat & nhom giam phospho
mau, tiép dén nhém ting phospho, thap nhit & nhom phospho binh
thuong (p < 0,05); khong ghi nhén tuong quan cd y nghia giita
phospho va sclerostin & bat ky nhom BTM nao (p > 0,05).
Tich CaxP

Khong c6 sy khac biét c6 y nghia thong ké vé sclerostin gitta nhom
c6 CaxP binh thuong va tang; khong ghi nhan tuong quan c6 y nghia
giita CaxP va sclerostin & bat ky phan nhém BTM nao (p > 0,05).
PTH

Sclerostin c6 sy khac biét co y nghia théng ké theo tinh trang PTH
6 hai nhom loc mau (G5SHD va G5PD) ciing nhu ¢ nhom BTM chung
(p < 0,05). Tuong quan nghich cé y nghia giita sclerostin va PTH &
nhom BTM chung (r =-0,219; p = 0,004), nhom G5HD (r =-0,444; p
=0,001) va nhém G5PD (r = -0,341; p = 0,036); hdi quy don bién xéac
nhan PTH 14 yéu t6 lién quan nghich c6 y nghia véi sclerostin & ca ba
nhém (B =-0,181, p =0,017; B = -0,446, p = 0,001; B = -0,358, p =
0,027 twong ng).
Vitamin D 25(OH)D

Khong co su khac biét c6 y nghia théng ké vé sclerostin giita cac
nhom phén theo tinh trang 25(OH)D (< 30 ng/mL sO v6i > 30 ng/mL)
(p>0,05); cac phan tich twong quan va hdi quy tuyén tinh ciing khong
ghi nhan mdi lién quan c6 y nghia (p > 0,05).
Phosphatase kiém toin phén t-ALP

t-ALP c6 tuong quan nghich ¢6 ¥ nghia thong ké vdi sclerostin & nhom
BTM chung (r = -0,207; p = 0,006); hdi quy don bién x4c nhan t-ALP 13
yéu t6 lién quan nghich c¢6 ¥ nghia véi sclerostin & nhém BTM chung (B =
-0,216; p = 0,004) va nhém G5PD (B =-0,336; p =0,039).
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S0 roi loan khodng xwong dong thoi

Sclerostin c6 su khac biét c6 ¥ nghia thong ké giira cac phan nhoém
theo s6 lugng rdi loan khoang xuwong ddng thoi. O nhém BTM chung,
sclerostin tang dan theo sb luong 16i loan, dat cao nhat & nhom co 4
ri loan vai trung vi 1552,90 (794,84-2253,65) pg/mL (p = 0,009). Xu
hudng nay tiép tuc ghi nhan & nhém G5ND (p = 0,043), voi nhom co
4 161 loan dong thoi co sclerostin cao nhat, trung vi 2252,50 (1946,00-
2532,10) pg/mL.
Mt d xwong, cdc chi sé T-score, Z-score

MGéi lién quan giita sclerostin v&i tinh trang lodng xuong va MPX
& céac giai doan BTM phirc tap va khong dong nhat. Khong ghi nhan
khac biét c6 ¥ nghia vé sclerostin theo tinh trang lodng xwong tai
CSTL. Tai xuong dui (CXD, TBXD), sclerostin cao hon c6 y nghia &
nhom loang xuong so véi khong loang xuong trong nhém G5HD (p <
0,05). O cac nhom BTM chung, G3-4 va G5ND, sclerostin thdp hon &
bénh nhan c6 Z-score < -2SD so v6i nhém Z-score > -2SD (p < 0,05).

Tuong quan va hdi quy don bién cho thiy sclerostin c6 mdi lién
quan nghich c6 y nghia v6i MPX va T-score tai CXP va TBXD ¢
nhém G5HD (p < 0,05). Hoi quy logistic don bién cho thay sclerostin
c6 xu hudng lién quan thuan vdi nguy co loang xuong tai TBXD, dat
¥ nghia thdng ké khi gop 2 nhém loc mau (G5HD va G5PD) véi OR
=2,103 (KTC 95%: 1,011-4,373; p = 0,047), trong khi cdc nhém con
lai khong c6 ¥ nghia thong ke.

Chuong 4
BAN LUAN

4.1. Nong a9 sclerostin huyét thanh trén ddi twong nghién ciru
Néng dp sclerostin huyét thanh ¢ nhém bénh nhin BTM chua lpc méu
Nong d6 sclerostin huyét thanh nhom G3-4 (940,65 (371,49-
1588,00) pg/mL) va nhom G5SND (1316,45 (867,98-1982,90) pg/mL)
déu cao hon nhom chig c6 ¥ nghia thong ké (p < 0,05); nhém G5ND
cao hon nhom G3-4 va ca hai nhém loc mau ¢ y nghia thong ké (p <
0,05). Pang cha y, nhém G5ND c6 ndng do sclerostin cao nhat trong
tat ca cac nhom nghién ciru, goi y nhitng dic diém réi loan dic trung
ctia giai doan cudi BTM khi chua dugc diéu chinh boi cac liéu phap
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diéu tri thay thé than. Két qua nay twong dong véi nhidu nghién ciru
qudc té, trong d6 Pelletier va cong su ghi nhan sclerostin ting cao hon
& nhom c6 MLCT thip va cao nhit & nhém BTM giai doan cudi.

Vé co ché, gia thuyét giam thai trir qua than khi MLCT giam la
hudng giai thich duoc dit ra dau tién; tuy nhién nghién ctru ctia Cejka
cho thy dao thai sclerostin qua than thuc té ting khi chirc ning than
suy giam, goi y ting san xudt sclerostin ngoai xuong c6 thé 1a co ché
cha dao hon. Nhin chung, két qua ciia chung t6i ciing cac nghién ciru
qudc té khang dinh sclerostin ting rd rét & bénh nhan BTM do nhiéu
co ché phdi hop; viéc chuan hoa phuong phap xét nghiém, xir Iy mau
va thoi diém phan tich 13 cin thiét dé nang cao tinh nhat quén giita cac
nghién ctru.

Néng dj sclerostin huyét thanh ¢ bénh nhén loc mdu chu ky va loc
mang bung

Nong dd sclerostin & nhéom GSHD (584,21 (301,18-1479,50)
pg/mL) va nhoém G5PD (684,21 (407,48-940,35) pg/mL) déu cao hon
nhém chimg c6 ¥ nghia théng ké va thip hon nhém G5ND cé ¥ nghia
thdng ké (p < 0,05 va p < 0,001 twong ng), nhung khong khac biét c6
y nghia giita hai phuong thic loc mau (p = 0,839).

Pay 1a mot trong sb it nghién ctru so sanh dong thdi nong do
sclerostin trén nhiéu nhom BTM (ching, G3-4, GSND, G5HD, G5PD)
trong cing mot thiét k&, trong khi hau hét nghién ctru trong y van chi
khao sat mot phuong thirc diéu tri don 1. Phat hién nong do sclerostin
cao nhat & nhém G5ND - cao hon ca hai nhém loc méu - mang ¥ nghia
bénh sinh quan trong, phan 4nh tong hoa ctia ba qua trinh: ting téng
hop sclerostin tai t& bao xuwong do réi loan chuyén hoa khoang xuong
nang né, thiéu co ché thanh thai ngoai théan, va mét can b:?mg ndi tiét
chua duoc diéu chinh. Tur goc do nay, viéc bt dau loc mau cé thé co
vai tro diéu tiét mirc d6 trc ché tao xwong qua con dudng Wnt thong
qua giam ndng do sclerostin. Tuy nhién, sy giam sclerostin sau khi loc
mau khong dong nghia véi phuc hdi hoan toan chuyén hoa xwong, vi
ndng d6 & ca hai phuong thirc loc mau van cao hon nhém chimg - goi
¥y can c6 cac can thiép bd sung nhim dén con dudng Wnt/B-catenin,
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dic biét voi cac thude tre ché sclerostin dang dwoc nghién ciru, cliing
v6i viée chuan hoa phuong phap dinh luong sclerostin nhu diéu kién
tién quyét dé trién khai chi ddu nay trong theo ddi va tién lugng bénh
nhan BTM.
4.2. Mi lién quan giira ndng do sclerostin huyét thanh véi cac roi
loan khoang xwong, mat d§ xwong trén bénh nhan bénh than man
Canxi hiéu chinh

Sclerostin khac biét c6 y nghia theo tinh trang canxi hiéu chinh
(CaHC) 6 nhém BTM chung va nhom G5ND, vé6i xu huéng giam dan
tir nhom giam canxi mau dén tang canxi mau (p < 0,05); twong quan
nghich c6 y nghia vi CaHC ¢ toan b nhém BTM (r = -0,208; p =
0,006) nhung khong duy tri khi phén tich theo phan nhom, va hdi quy
don bién xac nhan CaHC 1a yéu t6 lién quan nghich véi sclerostin &
nhém BTM chung (B = -0,220; p = 0,004). So v6i y vin, mdi lién quan
giita canxi va sclerostin ciing khong dong nhit vé chidu hudng va mirc
d6 gitra cac nghién ctru (Pelletier, Se Hwa Kim, Cejka, Lu, Kuo), tuy
thudc giai doan bénh va quﬁn thé khao sat. Piéu nay co thé do canxi
huyét thanh dugc diéu hoa rat chat ché vdi bién do dao dong hep, nén
kém nhay hon PTH trong phan anh cac thay déi sdu ciia chuyén hoa
xuong - gop phan giai thich vi sao hé sé twong quan trong nghién ciru
ctia chung t6i twong ddi thap du van dat y nghia thong ké.
Phospho

O nhém BTM chung, sclerostin cao nhat & nhom giam phospho
mau, thap nhat & nhom phospho binh thudng (p < 0,05), nhung khong
ghi nhan twong quan truc tiép c6 y nghia & bat ky nhom BTM nao (p
> 0,05), pht hop véi tinh khong dong nhét dugc ghi nhan trong y vin.
Su ving mit cia mdi lién quan truc tiép c6 thé do tac dong cua
phospho 1én sclerostin mang tinh gian tiép qua cac yéu td trung gian
nhu FGF-23 va PTH - trong ¢6 PTH méi 13 yéu t6 diéu hoa truc tiép
gen SOST; ddng thoi phospho mau chi phan anh khoang 1% tong
lugng phospho co thé va bién dong nhiéu theo bita an, thoi gian trong
ngay va chu ky loc mau, nén viéc do tai mot thoi diém kho phéan anh
chinh xac tinh trang phospho trung binh ctia bénh nhéan.
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PTH

Sclerostin khac bi¢t c6 y nghia theo tinh trang PTH ¢ hai nhom loc
mau (G5HD, G5PD) va & nhém BTM chung (p < 0,05); twong quan
va hoi quy don bién déu xac nhan méi lién quan nghich c6 ¥ nghia &
ba nhém nay (r va B dao dong tir -0,18 dén -0,45, p < 0,05), nhung
khong dat ¥ nghia & nhém G3-4 va G5ND. Y vin qudc té ciing ghi
nhén sy phan tach tuong tu theo giai doan bénh: @ BTM chua loc mau,
két qua khong dong nhét, dao dong tir khong c6 lién quan (Pelletier)
dén twong quan thuin mét ¥ nghia sau hiéu chinh da bién (Kanbay, Se
Hwa Kim, Romejko); & bénh nhan loc mau, phén 16n nghién cuu ghi
nhan twong quan nghich nhit quan (Cejka, Abdallah, Delanaye, Kuo),
ngoai trir mot s6 truong hop khong dat y nghia (Lu).

Viéc méi lién quan nghich chi rd rang & nhom loc méu c6 thé duogc
giai thich bi: chte ning than ton luu va cac co ché bu trir ¢ giai doan
G3-4/G5ND c6 thé che 1ap mot phan mdi lién quan; ndng do va
khoang bién thién PTH & bénh nhan loc mau cao va rong hon ro rét,
tao diéu kién thuén lgi hon dé phat hién trong quan (phi hop véi gia
thuyét cia Kanbay vé vai tro cia mac iPTH thip trong viéc che 1ap
mébi lién quan); va ban than qua trinh loc mau (loai bo doc t6 uré, thay
dbi acid-base, bién dong canxi-phospho, sir dung cac thude didu chinh
khoéng chit) co thé truc tiép 1am thay doi truc PTH-sclerostin. V& mit
bénh sinh, can bang PTH-sclerostin phan anh tinh trang chu chuyén
xuong: PTH cao di kém sclerostin thip twong tng vé&i chu chuyén
xuong cao (cudng can giap), con PTH bj trc ché di kém sclerostin ting
cao tuong ng véi bénh xwong bat san/chu chuyén thip. Nhin chung,
mdi quan hé PTH-sclerostin khong mang tinh tuyén tinh xuyén sudt
cac giai doan BTM ma chi trd nén rd rang ¢ bénh nhan loc mau, goi y
chién luoc diéu tri CKD-MBD khong nén chi tap trung kiém soat PTH
don thuan ma can theo ddi dong thoi ca hai chi sd.

Vitamin D 25(OH)D

Khong ghi nhan sy khac biét hay mbi lién quan c6 ¥ nghia thong
ké gitra sclerostin va 25(OH)D trong nghién ctru ctia chiing t6i (p >
0,05). Y van vé mdi quan hé nay con nhiéu tranh cii: mot s nghién
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ctru can thiép cho thdy bd sung vitamin D khong lam thay d6i déang ké
sclerostin (Kaur), trong khi paricalcitol ¢6 thé 1am ting nhe sclerostin
nhung mét y nghia sau hi€u chinh theo PTH (Torino); ngugc lai mot
sO nghién ctru quan sat lai ghi nhan twong quan thuén giita sclerostin
va 25(0OH)D (Pietrzyk, Tartaglione). Két qua ctia chung toi goi y rang
& bénh nhan BTM, 25(OH)D c6 thé khong phai 14 yéu té quyét dinh
chinh dbi véi sclerostin huyét thanh - phat hién nay co ¥ nghia 1am
sang khi cho thiy viéc bd sung vitamin D tu nhién nham diéu chinh
thiéu hut vitamin D c6 thé khong tac dong truc tiép 1én chuyén hoa
xuong qua con duong sclerostin, dil vitamin D van giit vai tro thiét
yéu qua céc co ché khac. Can thém cac nghién ctru can thiép véi c&
mau 16n hon, phuong phap dinh lwong ddng nhét va thoi gian theo dai
du dai dé 1am r6 hon van dé nay.
Phosphatase kiém toan phéin t-ALP

t-ALP c6 tuong quan va mdi lién quan nghich c¢6 y nghia véi
sclerostin trong phan tich don bién & nhém BTM chung (r = -0,207, B
=-0,216; p < 0,05) va nhém G5PD (B = -0,336; p = 0,039), nhung
khong con ¥ nghia trong md hinh hdi quy da bién. Két qua nay phu
hop véi y van ghi nhan méi lién quan nghich giita ALP va sclerostin
(Pietrzyk; Nakagawa - mdi lién quan giam rd sau hiéu chinh theo PTH,
v6i phan tich trung gian cho thdy PTH tac dong truc tiép 1én chi s6 chu
chuyén xuong hon 13 qua vai trd trung gian cta sclerostin). Can luu y
nghién ciru ctia chiing toi str dung t-ALP (ALP toan phan) thay vi b-
ALP (dac hiéu xuong), lam giam tinh dac hi¢u cua chi s6 do t-ALP
con phan anh ngudn gde ngoai xwong (gan, dudng mét) - ¢6 thé 1a mot
phan 1y do hé sb turong quan thap hon cac nghién ciru dung b-ALP, va
cling gop phan giai thich viéc mat ¥ nghia trong mé hinh da bién, bén
canh vai tro gdy nhiéu ctia PTH - yéu t6 c6 anh huong manh va doc
1ap 1én ca hai chi s6. Vé mit 1am sang, sclerostin khong nén duoc dién
giai don doc ma cin xem xét cung PTH, b-ALP va cac thong sb
khoang khac theo khuyén cio KDIGO, nham phan loai chinh x4c hon
thé bénh xwong va dinh hudng diéu tri.
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S0 roi loan khodng xwong dong thoi

Sclerostin khéc biét c6 ¥ nghia thong ké giita cac phan nhém theo
s6 luong rdi loan khoang xuong dong thoi. G nhém BTM chung,
sclerostin tang dan theo s lugng 16i loan, dat cao nhit & nhom co 4
r6i loan (trung vi 1552,90 (794,84-2253,65) pg/mL; p = 0,009) - cao
gap khoang 3 1an so v6i nhom chi ¢6 1 rdi loan (492,13 pg/mL); xu
hudng tuong tu ghi nhan & nhom G5SND (p = 0,043), voi nhom co 4
roi loan dat trung vi cao nhat 2252,50 (1946,00-2532,10) pg/mL. Hoi
quy tuyén tinh cho thay sb luong réi loan khoang xwong dong thoi 1a
yéu t6 lién quan thuan, doc 1ap véi sclerostin, ¢ ¥ nghia & ca mo hinh
don bién va da bién tai nhom BTM chung (B = 0,249; p < 0,001) va
nhém G5ND (B = 0,254; p = 0,020); & nhém G3-4, mdi lién quan chi
dat ¥ nghia & ngudng bién trong mo hinh da bién (B = 0,431; p =
0,051), goi ¥ anh hudng nay cé thé bi che 14p boi cac yéu tb nhidu &
giai doan sém cua bénh.

Pay 1a mot trong nhitng phat hién quan trong nhat ctia nghién ctru.
Khéc véi cac chi s truyén thdng nhu PTH, canxi, phospho hay 25(OH)D
- mdi chi s6 chi phan anh mot rdi loan riéng 1¢ trong biic tranh phirc tap
ctia CKD-MBD - sclerostin dudng nhu gia ting ¢6 hé théng theo mirc
do tich liy cac rdi loan khoang xuwong, goi v tiém ning cua sclerostin
nhur mét "chi ddu tong hop" phan dnh ganh ning chung cia CKD-MBD,
c6 thé hd tro bac si 1am sang phan ting nguy co ma khong can theo ddi
riéng 1¢ nhiéu chi s6. Mdi lién quan nay r& nhat & nhom G5ND - phan
anh trang thai tich liy bat lgi cia CKD-MBD khi chua c6 can thiép loc
maéu, két hop giira ting san xuat sclerostin do cac kich thich bt lgi tir
mai truong chuyén hoa xuong rdi loan va giam thanh thai qua than.

Tir gbc d bénh sinh, phat hién nay goi y mot vong xoin bénh 1y:
céc ri loan canxi, phospho, PTH va 25(OH)D kich thich té bao xuong
tang san xuat sclerostin, trong khi suy giam chirc ning than dong thoi
lam giam thanh thai, ddn dén tich lily ndng dd cao; sclerostin ting cao
tiép tuc rc ché Wnt/B-catenin, 1am x4u di chuyén héa xwong va tao
diéu kién cho voi hoa mach mau, tir d6 lam trAm trong thém cac 16i
loan khoang xuong hién c6. Viéc pha v vong xodn ndy, dic biét qua
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cac liéu phap nhidm dich sclerostin, ¢6 thé 1a mot hudng diéu tri dang
quan tdm. Bénh nhan co sb rdi loan khoang xwong cang nhiéu can
duoc theo doi sclerostin chat ché hon, do néng d0 sclerostin cao da
dugc ghi nhan lién quan dén nguy co voi héa mach mau, bién cb tim
mach va tir vong & bénh nhan BTM. Tuy nhién, do thiét ké cat ngang,
nghién ctru chua thé xac dinh mdi quan hé nhan qua giira sclerostin va
s6 luong rdi loan khoang xuwong dong thoi; cAn cac nghién ciru theo
ddi doc va cac thtr nghiém can thi€p nhim dich sclerostin dé lam rd
hon van dé nay, ciing nhu kha ning tich hop bién sé nay vao cac mé
hinh du b4o nguy co trong tuong lai.

MGt dp xwong, cdc chi sé T-score, Z-score

MGéi lién quan giita sclerostin véi tinh trang loing xwong va MPX
trong nghién ctru ctia ching t6i phtic tap va khong dong nhét: khong
c6 khac biét c6 y nghia tai CSTL; sclerostin cao hon ¢6 y nghia & nhom
loang xuong so voi khong loang xuong tai xuong dui (CXD, TBXD)
6 nhom G5HD (p < 0,05); nguogc lai, & cdc nhom BTM chung, G3-4
va G5ND, sclerostin thdp hon ¢ bénh nhén c6 Z-score < -2SD (p <
0,05). Twong quan va hdi quy don bién xac nhan méi lién quan nghich
gitra sclerostin voi MPX va T-score tai CXD/TBXD ¢ nhém GSHD;
hdi quy logistic cho thiy sclerostin lién quan thuén v6i nguy co lodng
xuong tai TBXD, dat y nghia khi gép hai nhom loc mau (OR =2,103;
KTC 95%: 1,011-4,373; p = 0,047).

Su khong dong nhit nay ciing dugc ghi nhan rong rii trong y van,
v6i chiéu hudng tuong quan trai ngugc giita cic nghién ctru: Cejka ghi
nhén tuong quan thudn & ca ba vi tri do trén bénh nhan LMCK;
Abdallah va Lu ghi nhén tuong quan nghich tai CXP va CSTL (trong
d6 Lu con xac dinh tudi cao va gidi nit - khong phai DKK1 - 1a cac
yéu to doc lap lién quan dén MPX thip); Ishimura ghi nhan tuong
quan thuan, dgc lap tai xuong quay; Kuo ghi nhén tuong quan thuan
manh tai CSTL & bénh nhan loc mang bung. Su khac biét vé chiéu
hudng theo nhom diéu tri thay thé than va vi tri do cho th?'ly vai tro cia
sclerostin trong bénh sinh réi loan xuwong phu thudc nhiéu vao bdi canh
bénh 1y cu thé, do néng d0 sclerostin huyét thanh khong chi phan anh
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tac dong trc ché tao xuwong ma con chiu anh huong cia ) lugng/hoat
dong té bao xuong va kha ning thanh thai qua than.

Mot s6 yéu tb co thé giai thich sy khong dong nhat trong nghién
ctru cta chiing t6i. Tai CSTL, MPX do bang DXA c6 thé bi anh hudng
boi canxi héa mach méau chi bung va day ch::ing 0 bénh nhan BTM,
dan dén danh gia qua cao MPX thuc té - c6 thé giai thich viéc khong
ghi nhan méi lién quan c6 y nghia tai vi tri nay. Vé giai doan bénh: &
giai doan som/trung binh (G3-4, G5ND), cudong can gidp thur phat
chiém wu thé c6 thé trc ché biéu hién sclerostin dong thoi 1am tang chu
chuyén va hity xwong, nén MPX thap (Z-score thip) di kém sclerostin
thip - phan anh dap tmg sinh 1y v6i PTH cao hon 13 vai tro nhan qué
truc tiép; nguoc lai 6 bénh nhan loc mau (dac biét GSHD), tinh trang
bénh xuong giam chu chuyén/bét san cung giam thanh thai qua than
c6 thé 1am ndi bat mdi lién quan nghich giira sclerostin va MPX, trong
d6 sclerostin cao co thé gop phan tic ché tao xuong, tuy chua thé khing
dinh quan hé nhan qua do thiét ké quan sat cit ngang.

Viéc mdi lién quan gitra sclerostin va nguy co lodng xuong chi dat
y nghia khi gop hai nhom loc mau c6 thé phan anh viéc ting c& mau
cai thién cong suét thong ké, ddng thoi hai nhom nay ¢ dic diém sinh
1y bénh twong dong cua giai doan cudi BTM (tich liy doc chét uré, rdi
loan khoang xuong ndng, gidm thanh thai sclerostin). Tuy nhién,
G5HD va G5PD van khéc biét vé dong hoc thanh thai chét tan, tbc do
loai bo dich va murc d§ viém man tinh, nén viéc gdp nhém - du ting
cong suat thong ké - ciing co thé che l4p su khac biét thuc sy giira hai
phuong thie loc mau; do d6 phat hién nay nén dugc xem nhu mét gia
thuyét can kiém dinh thém hon 1a mot két luan khéng dinh. Ngoai ra,
nghién ctru khong thuc hién sinh thiét xuwong nén khong thé danh gia
anh huong cua timg thé bénh xwong than (theo phan loai TMV) lén
mdi quan hé sclerostin-MBX; su khéc biét trong cach phan loai bang
Z-score (so voi quan thé cung tudi/gidi, phat hién bat thuong & nguoi
tré) va T-score (so v&i nguoi tré khoe manh, phan anh tich liy mat
xuong, phd bién hon & ngudi 16n tudi/loc mau kéo dai) ciing gop phan
giai thich cac phat hién phan tan theo nhom tudi.
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Tdng hop lai, sclerostin ¢6 lién quan dén MPX va tinh trang lodng
xuong & bénh nhan BTM, nhung mdi lién quan nay khong dong nhét va
phu thudc vao giai doan bénh, vi tri danh gia va phuong phap phan loai,
ddng thoi chiu anh hudng cta nhidu yéu t6 trong hé thong diéu hoa
khoang-xuong phuc tap ciia CKD-MBD Trong thuc hanh 1am sang, viéc
danh gla nguy co loang xuong va ri loan khoang-xuong 0 bénh nhan
BTM can tlep can toan dién, két hop nhiéu chi s sinh hoc (PTH, cac dau
an chu chuyén xuong, FGF-23, phospho, canxi, vitamin D) ciing danh gi4
lam sang va mat do xuong, thay vi dya vao sclerostin don doc.

HAN CHE CUA DPE TAI

Bén canh nhiing két qua dat dugc, nghién ctiru con mot sb han ché
can dugc ghi nhan:

Thir nhat, nghién ctru duoc thiét ké theo phuong phép cét ngang,
don trung tdm, do d6 chi phan anh méi lién quan tai mot thoi diém ma
khong thé xac 1ap quan hé nhan qua giita ndng do sclerostin huyét
thanh v&i rdi loan khoang xuong va mat do xuong. Viéc theo doi dién
tién sclerostin theo thoi gian va danh gia tac dong cia can thiép diéu
tri doi hoi cac nghién ctru tién ciru véi thoi gian theo ddi dai hon.

Thir hai, vé tiéu chuan tham chiéu chan doan ton thuong xuong,
nghién ctru chua thyc hién sinh thiét xuong, vén duoc xem 14 tiéu
chudn vang dé danh gia chinh xac kiéu hinh tén thuong xuong
(turnover, khoang hoa, thé tich xuwong) trong CKD-MBD. Viéc danh
gi4 chi yéu dya trén cac dau an sinh hoc va do mat d6 xuong bing
DXA, do d6 c6 thé chua phan anh day du tinh trang vi ciu trac va
chuyén héa xuong thuc sy, dac biét trong bdi canh co su khong déng
nhét vé kiéu hinh ton thuong xuwong ¢ bénh nhan BTM.

Thtr ba, ¢& mau & mot sd phan nhém con khiém tén, dac biét khi
dua vao cac mo hinh phan tich da bién (hdi quy logistic da bién) véi
nhiéu bién doc lap, c6 thé lam giam do 6n dinh cta uée luwong va han
ché kha ning khai quat hoa két qua. Cac nghién ctru tiép theo voi c&
mau 16n hon va c6 ké hoach hiéu chinh thdng ké phu hop s& gitip cung
cb do tin cay ciia cac mdi lién quan duoc ghi nhan.
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KET LUAN

Qua nghién ctru vé nong do sclerostin huyét thanh trén 233 ddi
tuong bao gdom 60 ngudi khoé manh (nhém chig) va 173 bénh nhan
bénh than man (32 bénh nhan giai doan 3-4, 52 bénh nhan giai doan 5
chua loc mau, 51 bénh nhan giai doan 5 loc méu chu ky va 38 bénh
nhén giai doan 5 loc mang bung lién tuc ngoai tri1), chiing t6i rat ra
mot sb két luan nhu sau:

NONG PQ SCLEROSTIN HUYET THANH O POI TUQNG
NGHIEN CUU

- Trung vi ndng do sclerostin huyét thanh ctia nhém bénh nhan bénh
than man chung la 870,37 (399,61-1524,80) pg/mL, cao hon nhém
chimg c6 ¥ nghia thong ké (p < 0,05). Trung vi ndng do sclerostin huyét
thanh khi phéan tich tirng nhém bénh than man G3-4, G5ND, G5HD,
G5PD déu cao hon nhém chimg c6 ¥ nghia thong ké (p < 0,05).

- O nhém chua loc mau, trung vi néng do sclerostin huyét thanh &
nhom G5ND (1316,45 (867,98-1982,90) pg/mL) cao hon & nhém G3-
4 (940,65 (371,49-1588,00) pg/mL) c6 ¥ nghia thong ké (p < 0,05).

- O nhém loc mau, su khéac biét vé néng do sclerostin huyét thanh
khong co ¥ nghia thong ké gitta 2 nhém loc méau chu ky G5HD (584,21
(301,18-1479,50) pg/mL) va loc mang bung G5PD (684,21 (407,48-
940,35) pg/mL) (p > 0,05).

- Nong d6 sclerostin huyét thanh & nhom BTM giai doan 5 chua
loc mau (G5ND) cao hon ¢ 2 nhom bénh nhan da loc mau (G5HD va
G5PD) ¢6 ¥ nghia thong ké (p < 0,05).

MOI LIEN QUAN GIUA NONG PQ SCLEROSTIN HUYET
THANH VOI ROI LOAN KHOANG XUONG VA VOI MAT PQ
XUONG O POI TUQONG NGHIEN CUU

M@i lién quan giita sclerostin va cdc yéu té trong bénh thin man

- Tubi c6 twong quan thuén va 13 yéu t6 tic dong doc 1ap 1én ndng
do sclerostin huyét thanh & nhom bénh than man chung, nhém G3-4
va nhom G5HD.
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- O nhém G3-4, mic loc cau than co tuong quan nghich véi
sclerostin trong phén tich don bién.

- O nhom GS5HD, thoi gian loc mau 13 yéu t lién quan nghich doc
1ap véi sclerostin huyét thanh.

- O nhém G5PD, sb luong tiéu cau co twong quan thuan véi
sclerostin trong phan tich don bién.

Moi lién quan giita sclerostin huyét thanh va cdc roi loan khodng
xwong

- S6 lwong rdi loan khoang xwong ddng thoi cé tuong quan thun
va la yéu t6 tac dong doc 1ap 1én ndng do sclerostin huyét thanh &
nhom bénh thdn man chung, nhom G3-4 va nhom G5ND; n6ng do
sclerostin ting dan theo s6 luong réi loan khoang xuong dong thoi va
dat cao nhat & nhém c6 4 réi loan khoang xuong dong thoi.

- O nhom bénh than man chung, CaHC, t-ALP va PTH cé tuong
quan nghich véi sclerostin trong phan tich don bién.

- O nhém G5HD, PTH ¢6 twong quan nghich véi sclerostin trong
phan tich don bién.

- O nhéom GS5PD, PTH va t-ALP c6 tuong quan nghich véi
sclerostin trong phan tich don bién.

Moi lién quan giita sclerostin va mit dj xwong

- O nhém bénh than man chung, G3-4 va G5ND, néng d6 sclerostin
huyét thanh thap hon c6 ¥ nghia thong ké ¢ bénh nhan c6 Z-score < -
2 SD so véi nhom Z-score > -2 SD.

- O nhom G5HD, nong do sclerostin huyét thanh cao hon & nhom
loang xuong so voi nhom khong loang xuong tai vi tri toan b xuong
dui va c6 xuong dui, ddng thoi ghi nhan tuong quan nghich giita
sclerostin véi mat do xuong va T-score tai cac vi tri nay.

- Phan tich hdi quy logistic don bién cho thiy sclerostin huyét thanh
c6 xu hudng lién quan thuan véi nguy co lodng xuong tai toan bd
xuong dui; mdi lién quan nay dat y nghia thong ké & nhom bénh nhan
loc mau (G5HD va G5PD gop chung), véi OR = 2,103 (KTC 95%:
1,011-4,373; p = 0,047), twong ng nguy co loing xuong ting gip
2,103 1an khi ndng dd sclerostin ting gip e lan.
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KIEN NGHI

Tir nghién ctru vé ndng do sclerostin huyét thanh va mdi lién
quan voi r6i loan khoang xuong, mat d6 xuong o cac giai doan bénh
than man (BTM), chung t6i dé xuat:

- Vé dinh lugng sclerostin huyét thanh ¢ bénh nhan BTM

Nong do sclerostin huyét thanh ting cao ¢ y nghia thong ké &
tat ca cac giai doan BTM so v&i nguoi khoe manh c¢é chirc nang than
binh thuong, goi y co thé xem xét dinh luong sclerostin nhu mot dau
an sinh hoc b sung trong danh gia CKD-MBD. Tuy nhién, do day l1a
nghién ciru cit ngang don trung tam, chua x4c dinh ngudng cit va hién
chua c6 khuyén cao KDIGO vé sir dung sclerostin thudng quy, can c6
thém cac nghién ctru tién ctru da trung tim dé xac dinh gia tri ing dung
lam sang cua marker nay.

- Vé méi lién quan véi rdi loan khoang xwong

Nong d6 sclerostin ting dan theo sd luong rdi loan khoang
xuong dong thoi, phan anh mirc d6 ning tong thé cia CKD-MBD. Két
qua ndy goi y rang kiém soat toan dién cac rdi loan khoang xuong bao
gdm canxi, phospho, PTH va vitamin D c6 thé gép phan diéu chinh
gian tiép ndng do sclerostin. Can nghién ciru theo ddi doc dé xac dinh
hiéu qua can thiép diéu tri 1én ndng do sclerostin theo thoi gian.

- Vé méi lién quan véi mat dd xwong va nguy co loing xuong

Sclerostin huyét thanh c6 lién quan ¢ y nghia véi mat d6 xwong
tai xwong dui & bénh nhan loc mau chu ky, ddng thoi phan tich hoi
quy logistic cho thdy ting ndng do sclerostin 1am ting nguy co lodng
xuong tai toan bo xwong dui & bénh nhan loc mau. Két qua nay goi ¥
tiém ning cua sclerostin trong hd trg danh gia nguy co lodng xuwong &
bénh nhan loc mau, va can dugc kiém chimg thém qua cac nghién ctru
tién ctru da trung tim véi c& mau 16n hon.
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INTRODUCTION

1. BACKGROUND

Chronic kidney disease (CKD) is one of the major global health
challenges, with a rapidly rising prevalence in recent years. CKD-mineral
and bone disorder (CKD-MBD) is a common complication that increases
mortality and reduces patients' quality of life; it is manifested by
abnormalities of calcium, phosphorus, parathyroid hormone, vitamin D,
bone turnover and mineralization, together with vascular calcification.

Sclerostin is a glycoprotein secreted by osteocytes that inhibits the
Wnt/B-catenin signaling pathway, a key mechanism in the differentiation
and activity of osteoblasts. Elevated sclerostin levels have been reported
to be associated with the degree of renal function decline, mineral and bone
disorders, changes in bone mineral density, and vascular calcification in
CKD patients. Meanwhile, the treatment of osteoporosis in this patient
group remains highly limited because antiresorptive drugs (such as
bisphosphonates) are contraindicated in people with impaired renal
function. Anti-sclerostin antibodies (such as romosozumab) are
considered a potential therapeutic approach, but data on their efficacy and
safety in CKD patients, particularly in advanced stages and on dialysis,
remain limited. Moreover, existing studies have mostly examined
sclerostin in individual patient groups (non-dialysis, maintenance
hemodialysis, or peritoneal dialysis), and no study has simultaneously
compared sclerostin levels across multiple groups within the same
population. In Vietnam and Southeast Asia, this remains an unaddressed
research gap. Based on this practical need, we conducted the study entitled:
"Serum sclerostin levels in patients with chronic kidney disease:
association with mineral-bone disorders and bone mineral density"
with the following objectives:

1. To determine serum sclerostin levels in patients with stage 3-
5 CKD not on dialysis, stage 5 CKD on maintenance hemodialysis and
on peritoneal dialysis, compared with a control group with normal
renal function.
2. To investigate the association between serum sclerostin

levels and some characteristics of CKD, mineral-bone disorders, and
bone mineral density in CKD patients.



2. CONTRIBUTIONS OF THE DISSERTATION
Scientific significance:

This study provides the first data in Vietnam on serum sclerostin
levels in patients with stage 3-5 CKD not on dialysis, on maintenance
hemodialysis, and on peritoneal dialysis, adding to the domestic database
on this potential biomarker in CKD-MBD. The analysis of the
association of sclerostin with CKD characteristics, mineral and bone
parameters, and bone mineral density helps clarify the pathogenesis of
CKD-MBD and provides baseline data for further studies on the value
of sclerostin in this patient group.

Practical significance:

First, the study provides initial descriptive data on serum sclerostin
levels in CKD patient groups in Vietnam, suggesting the role of
sclerostin as a biomarker in the assessment of CKD-MBD and serving
as a basis for further studies on the value of this marker for disease
monitoring.

Second, the association between sclerostin levels and mineral—
bone parameters and bone mineral density may help identify clinical
features requiring attention in patients at risk of more severe bone
disorders. Identifying factors associated with sclerostin in each group
may help guide CKD-MBD monitoring strategies appropriate to each
disease stage, although prospective and interventional studies are still
needed to confirm the clinical value of sclerostin in the management
of CKD-MBD.

3. STRUCTURE OF THE DISSERTATION

The dissertation consists of 142 pages: Introduction 3 pages,
literature review 27 pages, subjects and methods 27 pages, results 32
pages, discussion 50 pages, conclusions 2 pages, recommendations 1
page. The dissertation includes 27 tables, 6 figures, 1 diagram, 10
charts, and 141 references, of which 10 are in Vietnamese and 131 are
in English.

Chapter 1
LITERATURE REVIEW

1.1. MINERAL AND BONE DISORDERS IN CHRONIC
KIDNEY DISEASE

In 2005, KDIGO introduced the term CKD-MBD, which
broadened the earlier concept of '"renal osteodystrophy” and



encompasses three groups of manifestations: abnormalities of
calcium/phosphorus/PTH/vitamin D; abnormalities of bone turnover,
mineralization, and volume; and vascular/soft tissue calcification.

Regarding pathogenesis, the FGF-23-Klotho axis plays a central
role: declining renal function raises serum phosphorus, stimulating
an increase in FGF-23 to promote urinary phosphate excretion and
suppress calcitriol synthesis; in advanced stages, Klotho deficiency
causes FGF-23 resistance, creating a self-amplifying pathological
vicious cycle. Calcitriol deficiency appears very early, even before
calcium-phosphorus disturbances, due to reduced CYP27B1 activity,
early elevation of FGF-23, and accumulation of uremic toxins.
Secondary hyperparathyroidism is the convergent result of three
signals: hyperphosphatemia, decreased calcitriol, and hypocalcemia.
1.2. SERUM SCLEROSTIN IN CHRONIC KIDNEY DISEASE:
ASSOCIATION WITH MINERAL-BONE DISORDERS AND
BONE MINERAL DENSITY
1.2.1. Overview of sclerostin and its role in the skeletal system
1.2.1.1. Overview of sclerostin

Two rare autosomal recessive genetic diseases - sclerosteosis and
van Buchem disease - have been described since the 1950s and are
characterized by excessive bone growth. In 2001, Brunkow et al.
identified the SOST gene as the cause of sclerosteosis; it encodes
sclerostin, a protein secreted by mature osteocytes. Van Buchem
disease involves the loss of a segment of the regulatory region of the
gene, reducing sclerostin synthesis, whereas sclerosteosis (a more
severe phenotype, accompanied by syndactyly) involves a nonsense
mutation directly in the SOST gene; both are linked to the 17q12-q21
locus. Sclerostin is a glycoprotein of 213 amino acids with many
positive charges that enable it to bind to the B-propeller domain of the
Wnt co-receptors LRPS/LRP6.
1.2.1.2. The role of sclerostin in bone metabolism

Sclerostin, secreted by mature osteocytes, together with Dkk-1
inhibits the Wnt/B-catenin signaling pathway by binding to LRP5/6,
preventing the activation of target genes and reducing B-catenin
accumulation in the nucleus of osteoblasts - the central mechanism
of physiological bone formation. Sclerostin has a dual effect: it
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directly inhibits bone formation by blocking Wnt/B-catenin, while
indirectly promoting bone resorption by decreasing OPG expression,
increasing the RANKL/OPG ratio, and activating osteoclasts.
Sclerostin is therefore a central inhibitory regulator of bone
remodeling, and its dysregulated expression is associated with both
excessive bone formation (sclerosteosis, van Buchem disease) and
bone loss (osteoporosis).
1.2.2. Sclerostin in chronic kidney disease: association with
mineral-bone disorders and bone mineral density

In addition to the central role of PTH in renal osteodystrophy,
sclerostin is considered an important pathogenic factor in CKD-MBD.
In mouse models, increased sclerostin expression and Wnt/B-catenin
inhibition appear very early, even before changes in PTH and FGF-23
and before bone and cardiovascular damage; the number of sclerostin-
positive  osteocytes rises transiently and then falls as
hyperparathyroidism worsens, indicating that sclerostin is subject to
negative feedback regulation by PTH. As renal function declines,
sclerostin levels rise due to reduced clearance and increased
production from bone, contributing to worsening of impaired bone
formation, increased FGF-23, vitamin D disturbances, and mineral
imbalance. Sclerostin is also regulated by chronic inflammation (TNF-
a, IL-6, NF-xB, NLRP3) and uremic toxins, acting as a link between
mineral disorders and chronic inflammation in CKD.
1.2.3. The role of anti-sclerostin antibodies in the treatment of
osteoporosis in chronic kidney disease patients

Romosozumab is a monoclonal antibody that neutralizes sclerostin
and has a dual mechanism of both promoting bone formation and
inhibiting bone resorption (transient increase in P1NP, sustained
decrease in CTX). Studies show a marked increase in BMD compared
with placebo, alendronate, and teriparatide, including in maintenance
hemodialysis patients and in mild-to-moderate CKD (ARCH,
FRAME), with generally acceptable safety; in CKD patients overall,
anti-sclerostin drugs show the highest fracture-reducing efficacy
compared with other drug classes. However, some analyses warn of
cardiovascular risk in those with pre-existing risk factors (CKD,
diabetes, cardiovascular history), and use in CKD stage >3B requires
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caution because of the unclear role in adynamic bone disease as well
as the potential to promote vascular calcification. New research
directions such as aptamers targeting the loop3 region of sclerostin
have shown preliminary equivalent efficacy without cardiovascular
adverse effects in animal models, opening the potential for safer
treatment, although further confirmation through clinical trials in
humans is needed.

1.3. RESEARCH RELATED TO THE TOPIC

1.3.1. International studies

Non-dialysis CKD group: studies by Pelletier (2013) and Kanbay
(2014) consistently showed that serum sclerostin levels are higher than
in healthy individuals and increase progressively with the degree of
renal function decline.

Maintenance hemodialysis (HD) group - the most extensively
studied population: biochemically, sclerostin is inversely correlated
with bone turnover and PTH, but positively correlated with age, BMI,
and FGF-23 (de Mare 2019, Delanaye 2014); in addition, sclerostin
expression in bone also increases in parallel with FGF-23 according
to the severity of renal failure (Lima, 2023). The prognostic value for
mortality remains contradictory: Nakagawa (2022, 8-year follow-up,
n=654) found that sclerostin was not associated with mortality,
whereas Goncalves (2014, 10-year follow-up, n=91) identified high
sclerostin as an independent predictor of all-cause mortality.

Peritoneal dialysis (PD) group: unlike HD, sclerostin here is
positively correlated with bone mineral density (Kuo, 2019 - the first
study to demonstrate this association) and also has predictive value for
cardiovascular events and mortality (Gong, 2018), supported by
histological evidence showing increased sclerostin expression in bone
(de Oliveira, 2015).

Thus, the association between sclerostin and CKD-MBD
parameters differs among renal replacement therapy groups, and the
current research gap is the lack of studies covering multiple CKD
groups within a single population.

1.3.2. Studies in Vietnam

In Vietnam, no study has yet been published on serum sclerostin

levels in CKD patients.



Chapter 2
SUBJECTS AND METHODS

2.1. STUDY SUBJECTS
2.1.1. Study time and location

The study was conducted from 05/2023 to 12/2025 at the
Department of Nephrology - Rheumatology, the Department of
Hemodialysis, Hue Central Hospital, and the Internal Medicine Clinic,
Hue University of Medicine and Pharmacy Hospital, on 173 patients
with CKD at various stages and 60 healthy individuals as the control
group.

2.1.2. Patient groups

A total of 173 CKD patients were divided into 4 groups according
to stage and treatment modality: 32 patients at stage G3-4, 52 patients
at stage G5 not on dialysis (G5ND), 51 patients at stage G5 on
maintenance hemodialysis (GSHD), and 38 patients at stage G5 on
peritoneal dialysis (G5PD).

Inclusion criteria: meeting the diagnostic criteria for CKD
according to KDIGO 2012; the non-dialysis groups had no indication
for renal replacement therapy; the dialysis groups (HD/PD) had been
stably treated for > 3 months; age > 18; and consent to participate in
the study.

Exclusion criteria: acute kidney injury or acute exacerbation of
CKD; acute infection/severe inflammation/hemodynamic instability;
history of kidney transplantation; current use of drugs affecting bone
metabolism  (long-term  corticosteroids, immunosuppressants,
osteoporosis medications, high-dose vitamin D); malignancy; chronic
hepatitis/cirrhosis; contraindications to bone mineral density
measurement;  psychiatric/cognitive  disorders; pregnant  or
breastfeeding women.

2.1.3. Control group

The group included 60 adults aged > 18 years undergoing routine
health check-ups at the Internal Medicine Clinic, Hue University of
Medicine and Pharmacy Hospital, comparable in age and sex to the
patient groups; normal renal function (¢GFR > 90 mL/min/1.73 m?);
no history of chronic kidney disease, metabolic bone disease, or



endocrine disease affecting bone metabolism; no use of drugs
affecting mineral-bone metabolism in the previous 3 months; no
smoking/alcohol dependence; no active chronic inflammatory,
malignant, or autoimmune disease; and consent to participate in the
study.
2.2. STUDY CONTENT AND METHODS
2.2.1. Study design

Analytical cross-sectional study.
2.2.2. Sample size calculation

The sample size was calculated using the formula for comparing
two independent groups (Mann-Whitney test), based on effect sizes
from previous studies (Cohen's d = 0.90, corresponding to P = 0.73),
with a = 0.05 and B = 0.20, giving a minimum sample size of 25
subjects/group; all study groups met this sample size. The study
applied an unbalanced allocation design, with the control group (n=60)
larger than each patient group in order to increase the precision of the
reference comparison. Non-probability, purposive sampling was used;
cases with missing laboratory data were excluded by listwise deletion
(missing rate below 10%).

2.2.3. Study equipment

ABBOTT CELL-DYN RUBY hematology analyzer; Cobas 8000
and AUS5800 biochemistry systems (Roche, Beckman Coulter);
sclerostin quantification by ELISA on a TECAN SUNRISE
microplate reader (Switzerland) with Magellan V.75 software; bone
mineral density measurement with an EXCELLUS DXA machine
(OSTEOSYS, Korea); and standardized equipment for anthropometric
and blood pressure measurements.

2.2.4. Study procedures

Clinical variables: Height, weight, BMI, blood pressure, duration
of CKD since diagnosis, and dialysis duration.

Paraclinical variables: Complete blood count, urea, creatinine,
eGFR (CKD-EPI 2009 formula), albumin; mineral and bone parameters
including albumin-corrected total calcium, phosphorus, Ca x P product,
PTH, 25(OH)D, t-ALP, with disorders assessed according to KDOQI
2003 criteria by CKD stage; the composite variable "number of



concurrent mineral and bone disorders" (0-4) was calculated from 4
parameters: calcium, phosphorus, PTH, and 25(OH)D.

Bone mineral density measurement: By DXA at the lumbar
spine (L1-L4) and femur (femoral neck, total hip); osteoporosis was
diagnosed according to WHO 1994 criteria based on T-score (normal
> -1; osteopenia -2.5 to -1; osteoporosis < -2.5; severe osteoporosis: <
-2.5 with a history of fracture) for postmenopausal women and men
over 50 years of age; Z-score was used for the remaining age groups.

Serum sclerostin quantification: By ELISA using a commercial
Abbexa kit (UK); serum samples were stored at -80°C and thawed
only once; optical density (OD) was read at a wavelength of 450 nm,
and sclerostin concentration was interpolated from the standard curve.
2.2.5. Data processing methods

Data were analyzed using SPSS Statistics 27.0. Qualitative variables
were presented as frequencies and percentages, and tested by ¥* or
Fisher's exact test. Quantitative variables were assessed for normality by
the Shapiro-Wilk test; if normally distributed, they were presented as
mean = standard deviation and compared by t-test (2 groups) or ANOVA
(=3 groups); if not normally distributed, they were presented as median
(interquartile range) and compared by Mann-Whitney (2 groups) or
Kruskal-Wallis (>3 groups). Correlations were assessed using Pearson's
coefficient (normal distribution) or Spearman's coefficient (non-normal
distribution).

Univariate and multivariate linear regression were used to identify
factors associated with sclerostin levels, with the multivariate model
including 4 basic variables (age, sex, number of concurrent mineral
and bone disorders, t-ALP) for the G3-4, G5ND, and overall CKD
groups, with the addition of dialysis duration for the two dialysis
groups (G5SHD, G5PD). Bone mineral density was not included in this
multivariate model on the grounds of biological plausibility (sclerostin
is considered a regulatory factor rather than a consequence of BMD);
the sclerostin-BMD association was analyzed separately by univariate
regression. Multicollinearity was checked using the VIF coefficient
(variables with VIF > 5 were removed); some skewed variables
(sclerostin, platelets, PTH, 25(OH)D) were log-transformed before
being entered into the model. Binary logistic regression was used to
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investigate the association between sclerostin and osteoporosis
(according to WHO 1994), presented as OR and 95% CI. The
threshold for statistical significance was p < 0.05.
2.3. ETHICS IN RESEARCH

The study was approved by the hospital and department heads, and
was approved by the Biomedical Research Ethics Committee of Hue
University of Medicine and Pharmacy - Hue University (No.
H2023/045). The costs of sclerostin testing and other costs arising
from the study were covered by the researchers to ensure the best
interests of the patients.

Chapter 3
RESULTS

3.1. General characteristics of the study subjects

- Age: The median age of the control group was 48.00 (39.00-
59.00); the overall CKD group was 53.00 (37.00-64.00); the
difference in age was not statistically significant between the control
group and the overall CKD group and each CKD group (p > 0.05).

- Sex: the control group had a male/female ratio of 25/35, similar
to the CKD group with a male/female ratio of 96/77 (p > 0.05).

- BMI: the control group had a mean BMI of 24.58 + 2.48 kg/m?,
statistically significantly higher than the CKD group (20.91 + 3.34
kg/m? p <0.001).

- Duration since CKD diagnosis was 24 (7.00-60.00) months; the
G3-4 group had the shortest duration and the GSHD group had the
longest.

- Dialysis duration of the GSHD group was 48.00 (18.00-72.00)
months, longer than the G5PD group (36.00 (24.00-66.00) months),
but the difference was not statistically significant (p > 0.05).

- Blood pressure: SBP and DBP in the overall CKD group were
statistically significantly higher than in the control group (p < 0.001).

- Hemoglobin: mean 9.20 £+ 1.92 g/dL in the overall CKD group,
decreasing with disease stage (G3-4 higher than GSND); Hb in the
GS5PD group was statistically significantly higher than in the GSHD
group (p < 0.05).



- Platelet count: the median across the entire study population was
237.00 (180.00-302.00) G/L; the G3-4 group was highest (300.00
(219.50-353.00) G/L), and the G5HD group was lowest (214.00
(170.00-278.00) G/L).

- Serum albumin: median 35.30 (31.00-38.80) g/L; albumin in the G3-
4 group was lower than in the GSND group, and the GSPD group was lower
than the GSHD group, both statistically significant (p < 0.05).

- Urea, creatinine, glomerular filtration rate: differences were
statistically significant between the control group and each CKD
group (p < 0.05).

3.2. Mineral and bone characteristics and bone mineral density of
the study subjects

- Corrected calcium (cCa): mean 2.20 + 0.23 mmol/L in CKD
patients; cCa in the G3-4 group was higher than in the GSND group,
and the G5HD group was higher than the G5PD group, both
statistically significant (p < 0.05).

- Serum phosphorus: mean 1.83 + 0.57 mmol/L; phosphorus in the
G3-4 group was lower than in the GSND group, and the GSHD group
was higher than the G5PD group, both statistically significant (p <
0.05).

- Calcium x phosphorus product (Ca x P): 3.83 (3.01-4.81)
mmol*/L? in the overall CKD group; differences between G3-4 and
G5ND, and between G5HD and G5PD, were both statistically
significant (p < 0.05).

- Serum PTH: the median across the entire CKD group was 257.30
(89.98-530.10) pg/mL. The G3-4 group was 61.58 (44.65-80.11)
pg/mL, statistically significantly lower than the GSND group (238.90
(143.15-377.40) pg/mL; p < 0.001). In the GSHD and G5PD groups,
median PTH was 364.50 (171.90-947.50) pg/mL and 751.90 (303.00-
1428.00) pg/mL, respectively, a statistically significant difference
between the two dialysis groups (p < 0.05).

- 25-hydroxyvitamin D [25(OH)D]: the median across the entire
group was 22.87 (14.3-32.23) ng/mL. There was no statistically
significant difference between the G3-4 and G5ND groups (p > 0.05);
the GSHD group had a statistically significantly higher level than the
G5PD group (p <0.001).
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- Total alkaline phosphatase (t-ALP): median 69.60 (51.80-106.40)
U/L in the overall CKD group. There was no statistically significant
difference between the non-dialysis groups (p > 0.05); among the
dialysis groups, t-ALP in the GSHD group was statistically
significantly higher than in the G5PD group (p < 0.05).

- Number of concurrent mineral and bone disorders: mineral and
bone disorders (MBD) were common complications in CKD patients,
with 68.78% of cases having 2-3 concurrent MBD.

- Bone mineral density, T-score, Z-score, and
osteoporosis/osteopenia status: BMD was highest at the lumbar spine
(LS) and lowest at the femoral neck (FN) in CKD patients. The
prevalence of osteoporosis and osteopenia accounted for more than
2/3 of the overall CKD patients, and was highest in the G5PD group
(~90%).

3.3. Serum sclerostin levels in the study subjects

- The median serum sclerostin level of the overall CKD group was
870.37 (399.61-1524.80) pg/mL, statistically significantly higher than
the control group (p < 0.05); sclerostin levels in each of the G3-4,
G5ND, G5HD, and G5PD groups were all statistically significantly
higher than the control group (p < 0.05).

- Among the non-dialysis groups, the median sclerostin of the
GS5ND group (1316.45 (867.98-1982.90) pg/mL) was statistically
significantly higher than the G3-4 group (940.65 (371.49-1588.00)
pg/mL) (p <0.05).

- Among the dialysis groups, the difference in sclerostin levels
between the GSHD group (584.21 (301.18-1479.50) pg/mL) and the
G5PD group (684.21 (407.48-940.35) pg/mL) was not statistically
significant (p > 0.05).

- Serum sclerostin levels in the stage 5 CKD non-dialysis group
(G5ND) were statistically significantly higher than in the 2 dialysis
patient groups (GSHD and G5PD) (p < 0.05).

3.4. Association between serum sclerostin levels and mineral-bone
disorders and bone mineral density in the study subjects
Age

Sclerostin levels tended to increase progressively with age group in
the overall CKD group and the G3-4 group, which was statistically
significant (p < 0.05). Age and sclerostin were positively correlated in
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all CKD groups, statistically significant in the overall CKD, G3-4, and
G5HD groups (p < 0.05); age was a statistically significant positive factor
affecting sclerostin in the overall CKD and G3-4 groups (univariate and
multivariate) and the GSHD group (multivariate) (p < 0.05).
Sex

Sclerostin levels in males were higher than in females in most study
groups; however, the difference was statistically significant only in the
control group (p < 0.05).
BMI

No significant association was found between BMI and sclerostin
in the CKD groups in correlation analysis as well as in univariate and
multivariate regression (p > 0.05).
Duration of chronic kidney disease and dialysis duration

Both CKD duration and dialysis duration were statistically
significantly inversely correlated with sclerostin in the GSHD group
(p < 0.05); dialysis duration was an independent, statistically
significant inversely associated factor with sclerostin in multivariate
regression in this group (p < 0.05).
Blood pressure

There was no statistically significant difference in sclerostin levels
between CKD patients with and without hypertension (p > 0.05).
Hemoglobin

No statistically significant correlation was found between Hb and
sclerostin; linear regression also showed that Hb was not an
independent factor associated with sclerostin.
Platelets

Platelet count was statistically significantly positively correlated
with sclerostin in the G5PD group (r = 0.420; p = 0.009); univariate
regression confirmed platelets as a significantly associated factor with
sclerostin in this group (B =0.396; p =0.014).
Serum albumin

Albumin and sclerostin had no statistically significant correlation
or linear regression association at any CKD stage (p > 0.05).
Urea, creatinine, and glomerular filtration rate

The association between renal function indices and sclerostin was
complex and inconsistent across CKD stages, reflecting changes in the
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pathophysiological mechanisms and regulation of sclerostin according
to the degree of renal function decline.
Corrected calcium

There was a statistically significant difference in sclerostin according
to cCa status in the overall CKD group and the GSND group, with
sclerostin tending to decrease progressively from the hypocalcemia group
through the normal calcium group to the hypercalcemia group (p < 0.05).
There was a significant inverse correlation between cCa and sclerostin in
the entire CKD group (r = -0.208; p = 0.006), which was not maintained
in subgroup analysis; univariate regression confirmed cCa as a
significantly inversely associated factor with sclerostin in the overall
CKD group (B =-0.220; p = 0.004).
Phosphorus

In the overall CKD group, sclerostin was highest in the
hypophosphatemia group, followed by the hyperphosphatemia group,
and lowest in the normal phosphorus group (p < 0.05); no significant
correlation between phosphorus and sclerostin was found in any CKD
group (p > 0.05).
Ca x P product

There was no statistically significant difference in sclerostin
between the normal and elevated Ca x P groups; no significant
correlation between Ca x P and sclerostin was found in any CKD
subgroup (p > 0.05).
PTH

Sclerostin differed statistically significantly according to PTH
status in the two dialysis groups (GSHD and G5PD) as well as in the
overall CKD group (p < 0.05). There was a significant inverse
correlation between sclerostin and PTH in the overall CKD group (r =
-0.219; p = 0.004), the G5HD group (r = -0.444; p = 0.001), and the
G5SPD group (r = -0.341; p = 0.036); univariate regression confirmed
PTH as a significantly inversely associated factor with sclerostin in all
three groups (fp=-0.181, p=0.017; B =-0.446, p=0.001;  =-0.358,
p = 0.027, respectively).
Vitamin D 25(OH)D

There was no statistically significant difference in sclerostin
between groups classified by 25(OH)D status (< 30 ng/mL versus >
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30 ng/mL) (p > 0.05); correlation and linear regression analyses also
found no significant association (p > 0.05).
Total alkaline phosphatase (t-ALP)

t-ALP was statistically significantly inversely correlated with
sclerostin in the overall CKD group (r =-0.207; p = 0.006); univariate
regression confirmed t-ALP as a significantly inversely associated
factor with sclerostin in the overall CKD group (B =-0.216; p =0.004)
and the G5PD group (B =-0.336; p = 0.039).

Number of concurrent mineral and bone disorders

Sclerostin differed statistically significantly among subgroups
according to the number of concurrent mineral and bone disorders. In
the overall CKD group, sclerostin increased progressively with the
number of disorders, reaching its highest level in the group with 4
disorders, with a median of 1552.90 (794.84-2253.65) pg/mL (p =
0.009). This trend was also observed in the GSND group (p = 0.043),
with the group having 4 concurrent disorders having the highest
sclerostin, with a median of 2252.50 (1946.00-2532.10) pg/mL.
Bone mineral density, T-score, and Z-score indices

The association between sclerostin and osteoporosis and BMD at
the CKD stages was complex and inconsistent. No significant
difference in sclerostin was found according to osteoporosis status at
the LS. At the femur (FN, TH), sclerostin was significantly higher in
the osteoporosis group than in the non-osteoporosis group within the
GSHD group (p <0.05). In the overall CKD, G3-4, and GSND groups,
sclerostin was lower in patients with a Z-score < -2 SD than in the Z-
score > -2 SD group (p < 0.05).

Correlation and univariate regression showed that sclerostin had a
significant inverse association with BMD and T-score at the FN and
TH in the G5HD group (p < 0.05). Univariate logistic regression
showed that sclerostin tended to be positively associated with the risk
of osteoporosis at the TH, reaching statistical significance when the 2
dialysis groups (GSHD and G5PD) were combined, with OR = 2.103
(95% CI: 1.011-4.373; p = 0.047), whereas the remaining groups were
not statistically significant.
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Chapter 4
DISCUSSION

4.1. Serum sclerostin levels in the study subjects
Serum sclerostin levels in non-dialysis CKD patients

Serum sclerostin levels in the G3-4 group (940.65 (371.49-
1588.00) pg/mL) and the G5ND group (1316.45 (867.98-1982.90)
pg/mL) were both statistically significantly higher than the control
group (p < 0.05); the GSND group was higher than the G3-4 group
and both dialysis groups, which was statistically significant (p < 0.05).
Notably, the GSND group had the highest sclerostin level among all
study groups, suggesting disorders characteristic of end-stage CKD
when not modified by renal replacement therapies. These results are
consistent with many international studies, in which Pelletier et al.
reported higher sclerostin in the group with lower GFR and highest in
the end-stage CKD group.

Regarding mechanisms, the hypothesis of reduced renal clearance
as GFR declines was the first explanation proposed; however, the
study by Cejka showed that renal elimination of sclerostin actually
increases as renal function declines, suggesting that increased
extraosseous production of sclerostin may be the more dominant
mechanism. Overall, our results together with international studies
confirm that sclerostin is markedly elevated in CKD patients due to
multiple combined mechanisms; standardization of assay methods,
sample handling, and timing of analysis is necessary to improve
consistency across studies.

Serum sclerostin levels in maintenance hemodialysis and peritoneal
dialysis patients

Sclerostin levels in the GSHD group (584.21 (301.18-1479.50)
pg/mL) and the G5PD group (684.21 (407.48-940.35) pg/mL) were
both statistically significantly higher than the control group and
statistically significantly lower than the GSND group (p < 0.05 and p
<0.001, respectively), but did not differ significantly between the two
dialysis modalities (p = 0.839).

This is one of the few studies to simultaneously compare sclerostin
levels across multiple CKD groups (control, G3-4, G5ND, G5HD,
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G5PD) within the same design, whereas most studies in the literature
examined only a single treatment modality. The finding that sclerostin
levels were highest in the GSND group - higher than both dialysis
groups - carries important pathogenic significance, reflecting the
combined effect of three processes: increased sclerostin synthesis by
osteocytes due to severe mineral and bone metabolism disorders, the
lack of extrarenal clearance mechanisms, and uncorrected endocrine
imbalance. From this perspective, the initiation of dialysis may play a
role in modulating the degree of inhibition of bone formation via the
Wnt pathway by lowering sclerostin levels. However, the reduction in
sclerostin after dialysis does not mean complete restoration of bone
metabolism, since levels in both dialysis modalities remained higher
than the control group - suggesting the need for additional
interventions targeting the Wnt/B-catenin pathway, particularly with
sclerostin inhibitors currently under investigation, along with the
standardization of sclerostin assay methods as a prerequisite for
deploying this marker in monitoring and prognosis of CKD patients.
4.2. Association between serum sclerostin levels and mineral-bone
disorders and bone mineral density in chronic kidney disease
patients
Corrected calcium

Sclerostin differed significantly according to corrected calcium
(cCa) status in the overall CKD group and the GSND group, with a
progressive decrease from the hypocalcemia group to the
hypercalcemia group (p < 0.05); there was a significant inverse
correlation with cCa in the entire CKD group (r = -0.208; p = 0.006)
but this was not maintained in subgroup analysis, and univariate
regression confirmed cCa as an inversely associated factor with
sclerostin in the overall CKD group (B =-0.220; p = 0.004). Compared
with the literature, the association between calcium and sclerostin was
also inconsistent in direction and magnitude among studies (Pelletier,
Se Hwa Kim, Cejka, Lu, Kuo), depending on disease stage and the
population studied. This may be because serum calcium is very tightly
regulated within a narrow range of fluctuation, and is therefore less
sensitive than PTH in reflecting profound changes in bone metabolism
- helping to explain why the correlation coefficient in our study was
relatively low although still statistically significant.
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Phosphorus

In the overall CKD group, sclerostin was highest in the
hypophosphatemia group and lowest in the normal phosphorus group
(p <0.05), but no significant direct correlation was found in any CKD
group (p > 0.05), consistent with the heterogeneity noted in the
literature. The absence of a direct association may be because the
effect of phosphorus on sclerostin is indirect, via intermediary factors
such as FGF-23 and PTH - of which PTH is the direct regulator of the
SOST gene; in addition, serum phosphorus reflects only about 1% of
total body phosphorus and varies considerably with meals, time of
day, and the dialysis cycle, so a single-time-point measurement can
hardly reflect a patient's average phosphorus status accurately.

PTH

Sclerostin differed significantly according to PTH status in the two
dialysis groups (GSHD, G5PD) and in the overall CKD group (p <
0.05); correlation and univariate regression both confirmed a
significant inverse association in these three groups (r and § ranging
from -0.18 to -0.45, p < 0.05), but did not reach significance in the G3-
4 and G5ND groups. The international literature has also reported a
similar separation by disease stage: in non-dialysis CKD, results are
inconsistent, ranging from no association (Pelletier) to a positive
correlation that lost significance after multivariate adjustment (Kanbay,
Se Hwa Kim, Romejko); in dialysis patients, most studies have reported
a consistent inverse correlation (Cejka, Abdallah, Delanaye, Kuo), except
for some cases that did not reach significance (Lu).

The fact that the inverse association was evident only in the dialysis
groups may be explained by the following: residual renal function and
compensatory mechanisms at stages G3-4/G5ND may partially mask
the association; PTH levels and range of variation in dialysis patients
are markedly higher and wider, making it easier to detect a correlation
(consistent with Kanbay's hypothesis regarding the role of low iPTH
levels in masking the association); and the dialysis process itself
(removal of uremic toxins, acid-base changes, calcium-phosphorus
fluctuations, use of mineral-regulating drugs) may directly alter the
PTH-sclerostin axis. Pathogenically, the PTH-sclerostin balance
reflects the state of bone turnover: high PTH with correspondingly low
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sclerostin corresponds to high bone turnover (hyperparathyroidism),
whereas suppressed PTH with elevated sclerostin corresponds to
adynamic bone disease/low turnover. Overall, the PTH-sclerostin
relationship is not linear across CKD stages but becomes apparent
only in dialysis patients, suggesting that CKD-MBD treatment
strategies should not focus on PTH control alone but should monitor
both indices simultaneously.
Vitamin D 25(OH)D

No statistically significant difference or association was found
between sclerostin and 25(OH)D in our study (p > 0.05). The literature
on this relationship remains controversial: some interventional studies
showed that vitamin D supplementation did not significantly change
sclerostin (Kaur), while paricalcitol may slightly increase sclerostin
but lose significance after adjustment for PTH (Torino); conversely,
some observational studies reported a positive correlation between
sclerostin and 25(OH)D (Pietrzyk, Tartaglione). Our results suggest
that in CKD patients, 25(OH)D may not be the main determinant of
serum sclerostin - a finding with clinical significance in that
supplementing natural vitamin D to correct vitamin D deficiency may
not directly affect bone metabolism via the sclerostin pathway,
although vitamin D still plays an essential role through other
mechanisms. Further interventional studies with larger sample sizes,
uniform assay methods, and sufficiently long follow-up are needed to
clarify this issue.
Total alkaline phosphatase (t-ALP)

t-ALP had a significant inverse correlation and association with
sclerostin in univariate analysis in the overall CKD group (r = -0.207,
B=-0.216; p <0.05) and the G5PD group (f = -0.336; p = 0.039), but
was no longer significant in the multivariate regression model. This
result is consistent with the literature reporting an inverse association
between ALP and sclerostin (Pietrzyk; Nakagawa - the association
decreased markedly after adjustment for PTH, with mediation analysis
showing that PTH acts directly on bone turnover markers rather than
through the mediating role of sclerostin).
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Number of concurrent mineral and bone disorders

Sclerostin differed statistically significantly among subgroups
according to the number of concurrent mineral and bone disorders. In
the overall CKD group, sclerostin increased progressively with the
number of disorders, reaching its highest level in the group with 4
disorders (median 1552.90 (794.84-2253.65) pg/mL; p = 0.009) -
about 3 times higher than the group with only 1 disorder (492.13
pg/mL); a similar trend was observed in the GSND group (p = 0.043),
with the group having 4 disorders reaching the highest median of
2252.50 (1946.00-2532.10) pg/mL. Linear regression showed that the
number of concurrent mineral and bone disorders was a positively and
independently associated factor with sclerostin, significant in both
univariate and multivariate models in the overall CKD group (f =
0.249; p < 0.001) and the G5ND group (B = 0.254; p = 0.020); in the
G3-4 group, the association reached only borderline significance in
the multivariate model (B = 0.431; p = 0.051), suggesting that this
effect may be masked by confounders in the early stage of the disease.

This is one of the most important findings of the study. Unlike
traditional indices such as PTH, calcium, phosphorus, or 25(OH)D - each
of which reflects only a single disorder within the complex picture of
CKD-MBD - sclerostin appears to increase systematically with the
degree of accumulation of mineral and bone disorders, suggesting the
potential of sclerostin as a "composite marker" reflecting the overall
burden of CKD-MBD, which may help clinicians stratify risk without
having to monitor multiple indices individually. This association was
clearest in the GSND group - reflecting the unfavorable cumulative state
of CKD-MBD before dialysis intervention, combining increased
sclerostin production due to adverse stimuli from the disordered bone
metabolic environment and decreased renal clearance.

From a pathogenic perspective, this finding suggests a vicious
cycle: disorders of calcium, phosphorus, PTH, and 25(OH)D stimulate
osteocytes to increase sclerostin production, while declining renal
function simultaneously reduces clearance, leading to accumulation of
high levels; elevated sclerostin continues to inhibit Wnt/B-catenin,
worsening bone metabolism and facilitating vascular calcification,
thereby aggravating existing mineral and bone disorders. Breaking
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this cycle, particularly through sclerostin-targeted therapies, may be a
therapeutic direction worth considering. Patients with more mineral
and bone disorders need closer sclerostin monitoring, since high
sclerostin levels have been reported to be associated with the risk of
vascular calcification, cardiovascular events, and mortality in CKD
patients. However, owing to the cross-sectional design, the study
cannot determine a causal relationship between sclerostin and the
number of concurrent mineral and bone disorders; longitudinal follow-
up studies and sclerostin-targeted interventional trials are needed to
further clarify this issue, as well as the possibility of integrating this
variable into future risk prediction models.

Bone mineral density, T-score, and Z-score indices

The association between sclerostin and osteoporosis and BMD in
our study was complex and inconsistent: there was no significant
difference at the LS; sclerostin was significantly higher in the
osteoporosis group than in the non-osteoporosis group at the femur
(FN, TH) in the G5HD group (p < 0.05); conversely, in the overall
CKD, G3-4, and G5ND groups, sclerostin was lower in patients with
a Z-score < -2 SD (p < 0.05). Correlation and univariate regression
confirmed an inverse association between sclerostin and BMD and T-
score at the FN/TH in the GSHD group; logistic regression showed
that sclerostin was positively associated with the risk of osteoporosis
at the TH, reaching significance when the two dialysis groups were
combined (OR =2.103; 95% CI: 1.011-4.373; p = 0.047).

This heterogeneity is also widely recognized in the literature, with
opposing directions of correlation among studies: Cejka reported a
positive correlation at all three measurement sites in maintenance
hemodialysis patients; Abdallah and Lu reported an inverse
correlation at the FN and LS (in which Lu also identified older age and
female sex - not DKK1 - as independent factors associated with low
BMD); Ishimura reported an independent positive correlation at the
radius; Kuo reported a strong positive correlation at the LS in
peritoneal dialysis patients. The differences in direction according to
renal replacement therapy group and measurement site show that the
role of sclerostin in the pathogenesis of bone disorders depends
heavily on the specific pathological context, since serum sclerostin
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levels reflect not only the effect of inhibiting bone formation but are
also influenced by the number/activity of osteocytes and renal
clearance capacity.

Several factors may explain the heterogeneity in our study. At the
LS, BMD measured by DXA may be affected by aortic and
ligamentous calcification in CKD patients, leading to overestimation
of true BMD - which may explain the lack of a significant association
at this site. Regarding disease stage: in the early/intermediate stages
(G3-4, G5ND), predominant secondary hyperparathyroidism may
suppress sclerostin expression while increasing bone turnover and
resorption, so that low BMD (low Z-score) accompanies low
sclerostin - reflecting a physiological response to high PTH rather than
a direct causal role; conversely, in dialysis patients (especially
G5HD), low-turnover/adynamic bone disease together with reduced
renal clearance may accentuate the inverse association between
sclerostin and BMD, in which high sclerostin may contribute to
suppressing bone formation, although a causal relationship cannot be
confirmed owing to the cross-sectional observational design.

The fact that the association between sclerostin and osteoporosis
risk reached significance only when the two dialysis groups were
combined may reflect that a larger sample size improves statistical
power, and that these two groups share similar pathophysiological
features of end-stage CKD (accumulation of uremic toxins, severe
mineral and bone disorders, reduced sclerostin clearance). However,
G5HD and G5PD still differ in solute clearance kinetics, fluid removal
rate, and degree of chronic inflammation, so pooling the groups - while
increasing statistical power - may also mask true differences between
the two dialysis modalities; this finding should therefore be viewed as
a hypothesis requiring further testing rather than a definitive
conclusion. In addition, the study did not perform bone biopsy and
therefore could not assess the influence of each type of renal bone
disease (according to the TMV classification) on the sclerostin-BMD
relationship; differences in classification using Z-score (compared
with the same-age/sex population, detecting abnormalities in younger
people) and T-score (compared with healthy young adults, reflecting
cumulative bone loss, more common in older people/long-term
dialysis) also help explain the findings that were scattered across age
groups.
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In summary, sclerostin is associated with BMD and osteoporosis in
CKD patients, but this association is inconsistent and depends on disease
stage, assessment site, and classification method, and is influenced by
multiple factors within the complex mineral-bone regulatory system of
CKD-MBD. In clinical practice, the assessment of osteoporosis and
mineral-bone disorders in CKD patients requires a comprehensive
approach, combining multiple biological indices (PTH, bone turnover
markers, FGF-23, phosphorus, calcium, vitamin D) together with clinical
assessment and bone mineral density measurement, rather than relying on
sclerostin alone.

LIMITATIONS OF THE STUDY

In addition to the results achieved, the study has several limitations
that should be acknowledged:

First, the study was designed as a cross-sectional, single-center
study and therefore reflects associations at a single point in time and
cannot establish a causal relationship between serum sclerostin levels
and mineral-bone disorders and bone mineral density. Monitoring the
course of sclerostin over time and evaluating the effects of therapeutic
interventions require prospective studies with longer follow-up.

Second, regarding the reference standard for diagnosing bone
lesions, the study did not perform bone biopsy, which is considered
the gold standard for accurately assessing the bone lesion phenotype
(turnover, mineralization, bone volume) in CKD-MBD. The
assessment relied mainly on biomarkers and DXA bone mineral
density measurement, and therefore may not fully reflect the true bone
microarchitecture and metabolism, especially given the heterogeneity
of bone lesion phenotypes in CKD patients.

Third, the sample size in some subgroups was modest, especially
when entered into multivariate analysis models (multivariable logistic
regression) with many independent variables, which may reduce the
stability of the estimates and limit the generalizability of the results.
Future studies with larger sample sizes and appropriate statistical
adjustment plans will help strengthen the reliability of the associations
observed.

CONCLUSIONS
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Through a study of 233 subjects, including 60 healthy individuals
with normal renal function (control group) and 173 patients with
chronic kidney disease (CKD) at multiple stages, specifically 32
patients at stages 3-4 (G3-4), 52 patients at stage 5 not on dialysis
(G5ND), 51 patients at stage 5 on maintenance hemodialysis (GSHD),
and 38 patients at stage 5 on continuous ambulatory peritoneal dialysis
(G5PD), we draw the following conclusions:

1. Serum sclerostin concentration in the study subjects

- In the control group, sclerostin was higher in males than in
females (p < 0.05). In the CKD group, sclerostin increased with age
group in the overall CKD group and in G3-4 (p < 0.05).

- The median serum sclerostin concentration of the overall CKD
group was 870.37 (399.61-1524.80) pg/mL, statistically significantly
higher than that of the control group (p < 0.05). When analyzed
separately, the median serum sclerostin concentrations of the G3-4,
G5ND, G5HD, and G5PD groups were all statistically significantly
higher than that of the control group (p < 0.05).

- Among the non-dialysis groups, the median serum sclerostin
concentration in G5SND (1316.45 (867.98-1982.90) pg/mL) was
statistically significantly higher than in G3-4 (940.65 (371.49-
1588.00) pg/mL) (p < 0.05).

- Among the dialysis groups, the difference in serum sclerostin
concentration between the maintenance hemodialysis group G5SHD
(584.21 (301.18-1479.50) pg/mL) and the peritoneal dialysis group
G5PD (684.21 (407.48-940.35) pg/mL) was not statistically
significant (p > 0.05).

- Serum sclerostin concentration in stage 5 CKD patients not on
dialysis (G5ND) was statistically significantly higher than in both
dialysis groups (G5HD and G5PD) (p < 0.05).

2. Association between serum sclerostin concentration and
mineral-bone disorders and bone mineral density in the study
subjects

2.1. Association between sclerostin and factors in chronic kidney
disease

- Age was positively correlated with, and was an independent
factor affecting, serum sclerostin concentration in the overall CKD
group, G3-4, G5ND, and G5HD.
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- In G3-4, glomerular filtration rate was inversely correlated with
sclerostin in univariate analysis.

- In G5HD, dialysis duration was an independent inversely
associated factor with serum sclerostin.

- In G5PD, platelet count was positively correlated with sclerostin
in univariate analysis.

2.2. Association between serum sclerostin and mineral-bone
disorders

- The number of concurrent mineral and bone disorders was an
independent, positively associated factor with sclerostin in the overall
CKD group (p <0.001) and G5ND (p = 0.020); in G3-4 the association
was borderline (p = 0.051). Sclerostin was highest in the group with 4
concurrent disorders (overall CKD p = 0.009; G5ND p = 0.043).

- In the overall CKD group, corrected calcium (CaHC), PTH, and
total alkaline phosphatase (t-ALP) were inversely correlated with
sclerostin.

- PTH was inversely correlated with sclerostin in G5SHD (r = -
0.444) and G5PD (r = -0.341).

- t-ALP was an independent inversely associated factor with
sclerostin in the overall CKD group (p = 0.003) and G5PD (p =0.031).

- Phosphorus, the calcium-phosphorus product (CaxP), and
25(OH)D were not significantly correlated with sclerostin.

2.3. Association between sclerostin and bone mineral density

- In the overall CKD group, G3-4, and G5ND, serum sclerostin
concentration was statistically significantly lower in patients with a Z-
score < —2 SD compared with the group with a Z-score > —2 SD.

- In G5HD, serum sclerostin concentration was higher in the
osteoporosis group than in the non-osteoporosis group at the total hip
and femoral neck sites, and an inverse correlation was also observed
between sclerostin and bone mineral density and T-score at these sites.

- In dialysis patients (GSHD and G5PD combined), univariate
logistic regression analysis showed that serum sclerostin was
associated with osteoporosis at the total hip (OR = 2.103; 95% CI:
1.011-4.373; p=0.047).
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RECOMMENDATIONS

Based on the study of serum sclerostin concentration and its
association with mineral-bone disorders and bone mineral density
across stages of chronic kidney disease (CKD), we propose the
following:

Regarding the measurement of serum sclerostin in CKD
patients

Serum sclerostin concentration was statistically significantly
elevated at all stages of CKD compared with healthy individuals with
normal renal function, suggesting that sclerostin measurement could
be considered as an additional biomarker in the assessment of CKD-
MBD. However, because this is a single-center cross-sectional study,
no cut-off threshold has been determined, and there is currently no
KDIGO recommendation for routine use of sclerostin, further
prospective multicenter studies are needed to determine the clinical
applicability of this marker.

Regarding the association with mineral-bone disorders

Sclerostin concentration increased progressively with the number
of concurrent mineral and bone disorders, reflecting the overall
severity of CKD-MBD. This result suggests that comprehensive
control of mineral and bone disorders, including calcium, phosphorus,
PTH, and vitamin D, may contribute to indirect modulation of
sclerostin concentration. Longitudinal follow-up studies are needed to
determine the effect of therapeutic interventions on sclerostin
concentration over time.

Regarding the association with bone mineral density and
osteoporosis risk

Serum sclerostin was significantly associated with bone mineral
density at the femur in maintenance hemodialysis patients, and logistic
regression analysis showed that increased sclerostin concentration was
associated with the risk of osteoporosis at the total hip in dialysis
patients. This result suggests the potential of sclerostin in supporting
the assessment of osteoporosis risk in dialysis patients, and needs
further validation through prospective multicenter studies with larger
sample sizes.
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